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ABSTRACT 


this report is a manual for the use of a library of crystallographic programs. 

THIS LIBRARY, CALLED THE X-RAY SYSTEM, IS DESIGNED TO CARRY OUT THE 
CALCULATIONS REQUIRtD TO SOLVE THE STRUCTURE OF CRYSTALS BY DIFFRACTION 
TECHNIQUES. IT HAS BEEN IMPLEMENTED AT THE UNIVERSITY OF MARYLAND ON THE 
UNIVAC 1108 UNDER EXEC VUI. II HAS# HOWEVER, BEEN DEVELOPED AND RUN ON A 
VARIETY OF MACHINES UNDER VARinuS OPERATING SYSTEMS. HENCE WE CONSIDER IT 
TO BE AN ESSENTIALLY MACHINE INDEPENDENT LI8RARY OF APPLICATIONS PROGRAMS. 

THE REPORT INCLUDES DEFINITION OF CRYSTALLOGRAPHIC COMPUTING TERMS, PROGRAM 
DESCRIPTIONS, WITH SOME TEXT TO SHOW THEIR APPLICATION TO SPECIFIC CRYSTAL ' : 
PROBLEMS. DETAILED CARD INPUT DESCRIPTIONS, MASS STORAGE FILE STRUCTURE AND 

some example run streams, no programs are shown, they are supplied separately 

as CA. 600C0 CARDS UN A BLOCKED TAPE APPROPRIATE TO THE MACHINE ON WHICH 
THEY ARE TO BE COMP 1 LEO AND RUN. 
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THE WRITE-UH OF EACH PROGRAM IS GIvEN IN TWO PARTS, THE FIRST 
IS DESCRIPTIVE* THE SECOND IS A CARD ORDER SUMMARY. FILE HANDLING SUMMARY, 
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alphabetically by program CALLING card MNEMONIC. THE APPENDICES provide 
further details about the structure of the system. 
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PREFACE 


THE X-RAY SYSTtM COMPRISES A COLLECT I 0 N OF InTER-RElATED FORTRAN 
PROGRAMS FOR THE STRUCTURAL ANALYSIS OF CRYSTALS FROM DIFFRACTION DATA. 

IT PROVIDES ROUTINES AT ALL LEVELS OF THE ANALYSIS - EXAMPLES ARE 
UIFFRACTOMETER SETTING PROGRAMS, PROGRAMS FOR APPLYING DIRECT METHODS OF 
PHASE DETERMINATION IN THE PRODUCTION OF A TRIAL STRUCTURE, FOURIER 
TRANSFORMS AND LEAS! SQUARES REFINEMENTS, AND ALSO PROGRAMS TO AID IN THE 
INTERPRETATION AND PUBLICATION OF THE REFINED RESULTS. IT OPERATES 
UNDER ITS OWN FORTRAN SUB-SYSTEM MONITOR - THE ’NUCLEUS* - WHICH PERMITS 
THE READY ADDITION OF EXTRA PROGRAMS INTO THE SYSTEM. 


THE COURSE OF A JOB RUN ON THE SYSTEM IS DETERMINED By THE INPUT - 
DATA CARDS WHICH CALL THE APPROPRIATE PROGRAMS INTO THE STORE OF THE 
COMPUTER AS REOUIREU. AT THE SAME TIME, A 'BINARY DATA FILE’ (WHICH IS 

fully described latlr) is continuously updated as the solution progresses, 

THUS KEEPING THE SI^E OF AN INPUT DATA DECr TO A MINIMUM. WHENEVER 
POSSIBLE, THE system WILL CONTINUE WITH A CALCULATION BUT, IN THE EVENT 
OF AN IRRECOVERABLE SITUATION, IT WILL ABANDON ITS EFFORTS AND CHASTISE 
THE USER WITH AN EPIGRAMMATIC QUOTATION, 


THIS WRITE-UP IS DIVIDED INTO THREE SECTIONS - 

1. A DESCKIPTION OF THE CALCULATIONS PERFORMED BY EACH PROGRAM 

2. DETAlLtO INSTRUCTIONS FOR THE PREPARATION OF INPUT DATA 

3. A SERItS OF APPENDICES PROVIDING NECESSARY INFORMATION 

FOR THOSE WHO REQUIRE A DETAILED KNOWLEDGE OF THE STRUCTURE 
OF THE SYSTEM, FOR EXAMPLE IN ITS IMPLEMENTATION ON ANY 
GIVEN LOMPUTEK. 


DISCLAIMER 


although each hrogram of the x-ray system and the nucleus has been 

TESTED BY ITS CONTRIBUTORS AND FURTHER TEStED ON A NUMBER OF DIFFERENT 
COMPUTERS, NO WARRANTY, EXPRESSED OR IMPLIED, IS MADE BY THE CONTRIBUTORS 
OR THE SYSTEM'S PROGRAMMERS AS TO THE ACCURACY AND FUNCTIONING OF THE 
PROGRAMS, THEIR SUBPROGRAMS. T H E RELATEO PROGRAM MATERIAL, OR wRITE-UP. 

NO RESPONSIBILITY IS ASSUMED By THE CONTRIBUTORS OR BY Any member OF THE 
X-ray SYSTEM GROUP OR SUPPORTEPS OF THESE pERSONS IN CONNECTION WITH THE 
USE OR ATTEMPTED USt OR APPLICATION OF THESE PROGRAMS. 
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NOTE TO USERS 


THE USUAL JOURNAL REFERENCE TO CALCULATIONS DONE WITH THE X-RAY SYSTEM IS 
AS FOLLOWS 

THE X-KAY SYSTEM - VERSION OF JUNE 1972, TECHNICAL REPORT TR-192 
OF THE COMPUTER SCIENCE CENTER, UNIVERSITY OF MARYLAND, JUNE 1972. 
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INTRODUCTION 


THE OVERALL PLAN OF THE X-RAY SYSTEM jS SUCH THAT THE USER SHOULD 
UNDERSTAND SEVERAL IOPICS* NAMELY - 


1. PREAMBLE CARDS NEEDED FOR THE LOCAL IMPLEMENTATION OF THE 
SYSTEM 

2. X-RAY SYSTEM CARD FORMAT CONVENTIONS AND FUNCTIONS 

3. FORTRAN FORMAT CONVENTIONS 

4. THE CONCEPT AND USE OF THE BINARY DATA FILE 

5. THE STRUCTURE OF AN X-RAY SYSTEM DATA DECK 

6. SYSTEM TERMINOLOGY. 


PHEAMBLE CARPS REQUIRED BUT NOT DESCRIBED 


IT IS NOT POSSIBLE HERE To TREAT ALL THE LOCAL LORE {EVEN IF IT WERE 
KNOWN) CONCERNING THE PREAMBLE CAROS REQUIRED TO GET A JOB RUN ON ANY 
GIVEN COMPUTER. APPENDIX 2 GIVES SEVERAL EXAMPLES OF RUNS OF 
VARYING COMPLEXITY IN SYSTEM USE. WHEN THE SYSTEM IS IMPLEMENTED ON A 
SPECIFIC MACHINE. II IS SUGGESTED THAT EACH OF THE EXAMPLES BE PREFACED 
BY THE APPROPRIATE JOB CONTROL DECK REQUIRED FOR THAT MACHINE. 

THE FOLLOWING DISCUSSION WILL ONLY BE CONCERNED WITH HOW THE USER 
MUST PREPARE HIS DA I A FROM THE POINT AT WHICH THE SYSTEM ASSUMES CONTROL 
OF THE JOB. 


X-RAY SYSTEM CARD FORMAT CONVENTIONS AND FUNCTIONS 


THE X-RAY SYSTEM UTILIZES v OUR TYPES OF INPUT DATA CARDS. EVERT CARD. 
REGARDLESS OF TYPE. IS IDENTIFIED BY ITS FiRST SIX COLUMNS. 

THE FOUR TYPES OF CARO ARE AS FOLLOWS ... 

l, program calling c«rds <which are read both by the system 

AND BY THE CALLED PROGRAM) - E.G, sUATRDNr. =BONDlA=. =TANGEN=» 
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=FC=, =CRYLSQ= 

2, CAROS ACTUALLY CONTAINING CRYSTALLOGRAPHIC OR OTHER DATA 
(READ WITHIN THE APPROPRIATE PROGRAM) - E.G, =ATOM=, 

=CELL=> =HKL=, =SrALE= 

3, THE =END^ CARD, WHICH MARKS ThE END OF A DATA SET FOR THE 
SELECTED PROGRAM «ND USUALLY INITIATES THE ACTUAL CALCULATION 

4, • OPERATION CAROS, WHICH ARE RECOGNIZED AND ACTED UPON BY 

THE SYSTEM. THESE ACHIEVE HOUSEKEEPING FUNCTIONS SUCH AS 
PROVIDING A =TITL*-= TO BE PRINTED AT THE TOP OF EACH PAGE OF 
PR INTEL) OUTPUT, 0» =FINISH= WHICH TERMINATES THE RUN, OTHER 
EXAMPLtS ARE =REM"RK=, =SAVE=, =REST ART= ( AS ONLY THE FIRST 
fa COLUMNS ARE CHECKED, THE FINAL T IS OPTIONAL). 

IN ADDITION TO ITS IDENTIFICATION COLUMNS, EACH CARD HAS A FIXED 
FORMAT WHICH IS SET IN THE PROGRAMS , EVErY CARD IS READ AT LEAST TWICE, 
ONCE To IDENTIFY ITS FUNCTION AND ONCE TO DECODE IT ACCORDING TO ITS FORMAT 
AND THE LIST OF ITEMS WHICH IT SHOULD CONTAIN. THIS DOUBLE READING MAKES 
POSSIBLE FAIRLY FLEXIBLE CARD ORDERS AND GIVES THE USER CONTROL OF THE 
CALCULATIONS BY MEANS OF THE STRUCTURE OF HIS DATA DECK. THE WHOLE 
PROCESS OF CONTROL IS BASED UPON THESE CARDS AND THEIR ORDER SO THAT 
THE UTMOST CARE SHOULD BE EXLRCISED IN THEiR PUNCHING AND ORDERING. 

AS LONG AS NO 'INVALID' PUNCHING IS CONTAINED IN THE CARD, CHECKING AND 
DIAGNOSTIC PRINT OUI ARE POSSIBLE WHEN UNACCEPTABLE CARD ORDER SEQUENCES 
ARE ENCOUNTERED. IH1S DIAGNOSTIC WHICH, UNFORTUNATELY. WILL BECOME 
FAMILIAR TO MOST X-RAY SYSTEM USERS STATES - 

card Just rlad.... (image of card t n question) 

card i.D, EXPECTED.... XXXXXX YyTYYY zzzzzz 

WHERE rXXXXXX=, =YYTYYY=, ANO ~ZZZZZZ= ARE THE ONLY ACCEPTABLE CARD 
IDENTIFICATIONS EXPECTED AT THF POINT AT WhICH THE 'CONDEMNED' CARD WAS 
ENCOUNTERED. MANY TIMES THIS ERROR IS CAUSED BY SIMPLY NOT PUNCHING 
WHAT IS SHOWN IN THE INSTRUCTIONS , E.G. =DATRON= FOR =DATRDN=, OR, 

MORE COMMONLY, A CONFUSION BETWEEN THE LETTER 0 AND THE DIGIT 0. 

THE 'INVALIO' PUNCHING REFERRED TO ABOVE IS THE PLACING OF CHARACTERS 
IN FIELDS WHICH DO NOT BELONG THERE UNDER THE RULES OF FORTRAN. EXAMPLES 
ARE THE PLACING OF A DECIMAL POINT WITHIN AN *1* FIELD, OR A LETTER WITHIN 
AN ' F * FIELD, 


FORTRAN FORMAT CONVENTIONS 


THE FOLLOWING UISCUSSION IS NOT INTENDED TO BE EXHAUSTIVE, BUT RATHER 
TO EMPHASIZE THE RULES OF FORTRAN FORMAT STATEMENTS WHICH ARE USUALLY 
TROUBLESOME TO THE CR YST ALLOGR°PHER USING THE X-RAY SYSTEM WITH NO 
PREVIOUS FORTRAN PROGRAMMING EXPERIENCE. SOME OF THE FOLLOWING MATERIAL 
WILL REPRESENT AN OVERSIMPLIFICATION BUT HOPEFULLY WILL BE SUFFICIENT TO 
INSURE FEWER TERMINATIONS OUE TO 'BAD' CARDS IN THE CRYSTALLOGRAPHIC 
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DATA decks. 


A FORMAT ST ATEMtNT IS A ONE DIMENSIONAL ARRAY OF CHARACTERS 
BEGINNING WITH ( ANU ENDING WITH ). WITHIN THESE () ARE A SET OF 
CHARACTERS WHICH DESCRIBE, CARh COLUMN BY card column, THE decoding OF 
THE CApD ON AN ITEM BY ITEM BASIS. EACH ITEM IS AN ENTITY OF DATA. IN 

GENERAL, the system uses three KINDS OF DATA - alphanumeric characters, 
numeric integers, AND NUMERIC floating point. IN a FORMAT statement 

these ARE REPRESENTED BY a, I, ANO F RESPECTIVELY. THE NUMBER OF 
COLUMNS DESIGNATED F OR EACH IT+M IS PLACED DIRECTLY AFTER THE FORMAT 
LETTER IN THE CASE OF A, I, AN” F. THUS, IF AN ITEM CONSISTS OF FOUR 
COLUMNS OF ALPHABETIC OR INTEGFR INFORMATION, IT IS CODED A4 OR 14. 
HOWEVER, IF THE ITEM CONSISTS OF FLOATING pOINT INFORMATION THEN THE 
NUMbER OF * DECIMAL FRACTIONS' nT THE RIGHT OF THE FIELD MUST ALSO BE 
SHOWN. THEREFORE F6.4 MEANS SIX COLUMNS OF FLOATING POINT DATA, 

THE LA S T FOUR OF WHICH ARE TO THE RIGHT OF THE DECIMAL POINT. THE 
NUMBER 543217 PUNCHED IN SUCH A SIX COLUMN FIELD IS INTERPRETED AS 
54.3217 AND IS ACTUALLY STORED WITHIN THE COMPUTER AS .543217 X 10 EXP 2, 
HENCE THE NAME 'FLOATING POINT', THE FORTRAN CONVENTION FOR FLOATING 
POINT IS SUCH THAT IF A DECIMAL POINT IS PUNCHED ANYWHERE IN THE FIELO, 

it overrides the implicit posh ion specified in the format statement. 

IN OUR F6.4 EXAMPLE, THIS WOULD ALLOW ONLY 5 COLUMNS FOR DIGITS TO BE 

punched, e.g. 54321 . which will be treated as .54321 x 10 exp 5. 


THE RESTRICTIONS ON EACH OF THESE TYPES OF DATA SPECIFICATIONS 
ARE AS FOLLOWS... 

1, IN I AND F FIELDS, NO PUNCHES EXCEPT NUMERIC 10*1,2,3,4*5,6, 

7,8,9,+, ANU -) ARE ALLOWED, OTHERWISE THE RUN WILL BE 
TERMINATED. THE F field has ONE EXCEPTION IN THAT THE ! 

DECIMAL POINT IS ACCEPTABLE. 

2, IN THE I FIELD, THE DIGITS PUNCHED MUST (SPELLED *M*U*S*T*) BE 
RIGHT JUSTIFIED - THAT IS, AS FAR TO THE RIGHT As POSSIBLE IN THE 
FIELD SPECIFIED FOR THE. ITEM. FAILURE TO OBSERVE THIS FORTRAN 
FORMAT CONVENTION IS A VERY COMMON CAUSE FOR FAILURE OF RUNS. 

IF SPACES REMAIN TO THE RIGHT OF THE PUNCHED DIGITS, THE 
INTERPRETER ROUTINE FILLS THE FIELD OUT WITH ZEROS, THUS A 
DIGIT 1 WOULU BECOME A 10 OR 100 OR 1000 DEPENDING UPON WHICH 
COLUMN WAS PUNCHED IN AN 14 FIELD. A COROLLARY OF THIS IS THAT 
A BLANK FIELD READ IN T FORMAT WILL BE TREATED AS ZERO. 

3, ALPHABETIC A FIELDS MAY HAVE ANY PUNCHES PRODUCED BY A 
CONVENTIONAL KEYPUNCH. IT IS RECOMMENDED THAT, IN THE CASE 
OF IDENTIFILATION ITEMS THAT ARE TO BE PUNCHED IN MANY PLACES, 
THESE ITEMS BE LEFT JUSTIFIED IN THEIR FIELDS. THIS CONVENTION 
CAN SAVE COMPARISON ERRORS. THE FOUR CHARACTER DESIGNATIONS 
SHOWN BELOW IN VARIOUS CONFIGURATIONS, BETWEEN QUOTES, ARE ALL 
DIFFERENT AS FAR AS MACHINE COMPARISONS ARE CONCERNED 

» AB', 'AB • , ' A B » , » A B', 'A B* . AS A MATTER OF FACT, 

IN THE COMPUTER STORAGF, A BLANK HAS A SPECIFIC REPRESENTATION 
JUST AS UNIQUE AS THAT WHICH REPRESENTS 1, 2, A, OR Z OR ANY 
OTHER CHARACTER. 
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A NUMBER IN FRONT OF AN A, I, OR F SPECIFICATION DESIGNATES THE 
NUMBER OF IDENTICAL FIELDS SPECIFIED, 

THE COMPLETE format STATEMENT IS THUS FORMED BY a SERIES Of ITEM 
SPECIFICATIONS SEPARATED BY COMMAS. THERE IS ONE OTHER FEATURE 
COMMONLY USED IN THt X-RAY SYSTEM AND THAT IS THE X. OR COLUMN SKIPPING 

function, in this case, the number of columns to be skipped is written 

BEFORE THE X. 

ONE MUST take CARE, ALSO, NOT TO CONFUSE NUMERIC ZERO AND THE LETTER 
'O' (0,0). ON THE PRINTING Kh YPUNCHES THEY OFTEN APPEAR TO BE THE 
SAME BijT THE HOLE CONFIGURATION IN THE CARD IS UNIQUE FOR EACH, ON MOST 
PRINTERS THE DIFFERtNCE IS SUBTLE BUT ONE CAN USUALLY LEARN TO SEE IT. 
SIMILARLY 1 (ONE) ANU I MUST Bfc. DISTINGUISHED. 

THERE NOW EXISTS SEVERAL KINDS OF KEYPUNCH ANU AT LEAST TWO SETS OF 
WIDELY USED SYMBOLS (BUSINESS AND SCIENTIFIC). THIS M«Y ALSO LEAD TO 
PROBLEMS BUT USUALLY only IF DATA ARE punched IN DIFFERENT COMPUTER 
LABORATORIES. REMtMBER THAT THE HOLE CONFIGURATION Is THE IMPORTANT 
CONSIDERATION, NOT I HE SYMBOL PRINTED ON THE CARD OR PRINTER. 

THE FOLLOWING EXAMPLE SHOULD MAKE CLEaR THE INSTRUCTIONS GIVEN IN 
PART 2 OF THIS WRITE- UP. LET US SUPPOSE THAT THE SYSTEM REQUIRES TO 

head eight items, the first four alphabetic, the next three floating 

POINT. AND THE LAST AN INTEGER. THE FORMAT MIGHT BE 


( A2.A4. 1X,A2,A4»2*,3F10.5» 15) 


THE Data TO BE SUPPLIED would be described AS FOLLOWS - 

/ 

COLS SPECIFIED PUNCHING OR FUNCTION OF t hE FIELD 

1-5 GRUMP NOTE THAT THE IDENTIFICATION lS READ AS 

TWO ITEMS. THIS IS NECESSARY TO MEET 
THE RESTRICTIONS OF COMPUTERS WHICH NOW 
HANDLE ONLY FOUR CHARACTERS PER WORD. 

6 BLANK 

8-13 COMPOUND IDENTIFICATION CODE 
16-25 FIRST VARIABLE 
26-35 SECOND VARIABLE 
36-45 THIRD VARIABLE 
46-50 INTEGER VARIABLE 

ANU MIGHT BE PUNCHtU AS FOLLOWS (THE PIRS T TWO ROWS, READING DOWNWARDS, 
INDICATE THE COLUMN NUMBERING) - 


0000000001 11 1111 11 122222222223 '33333333444u44444455555555556 ETC 
1234567890 123456789U1234567890 1234567890 12345678901234567890 
GRUMP NACL 3.2 7,9 0.2 24 


NOTICE THAT COLUMNS WHICH M"ST BE BLANK ARE SPECIFIED AS SUCH, 
WHEREAS THOSE WHICH ARE NOT READ ARE NOT MENTIONED. 
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ALTHOUGH the ABOVE is a BARF bones introduction to formatting, it is 
HOPEFULLY all THAT is NEEDED for the CRYSTaLLOGRAPHER to prepare his 
data FcR USE WITH THE SYSTEM. 


THE STORAGE AND RETRIEVAL OF CRYSTALLOGRAPHIC DATA - THE BINARY DATA FILE 


THE SYSTEM TREATS THE INDIVIDUAL CR YST ALLOGRAPHER * S DATA FOR A 
GIVEN CRYSTAL IN AN EXCEEDINGLY STYLIZED MANNER. IT IS ESSENTIAL. 
THEREFORE, THAT HE HAS IN HIS M INQ A CLEAR PICTURE OF THE STRUCTURE AND 
METHOD RY 'WHICH HIS DATA ARE BEING STORED. THIS WILL ENABLE HIM TO 

take Full advantage of the facilities provided both within the system 

AND BY HIS COMPUTER CONFIGURATION. 

IN THF FIRST INSTANCE, all of the data CONCERNING A GIVEN CRYSTAL 

will probably be eniered into the system from cards. in order to 

MINIMIZE THE NUMBER OF INPUT C»RDS FOR EACH RUN, THE SYSTEM PROVIDES 
THE ABILITY TO ACCUMULATE all mertinent data for a crystal STRUCTURE 
within A BINARY data file. THIS FILE MAY BE ON ANY CONVENIENT MASS STORAGE 

UE V ICE AVAILABLE ON HIS COMPUTER WHETHER It BE DRUM, TAPE, DISC. BULK 
CORE, OR DATA CELL, DEPENDING UPON LOCAL CuSTOM, AVAILABILITY, AND 
EASE OF ACCESS. ONE MIGHT PICTURE THE BINARY DATA FILE AS BEING AN 
ORUERLy COLLECTION OF MICROFILM COPIES OF THE CARDS WHICH HAVE BEEN 
INPUT IIP TO THAT POINT IN THE STRUCTURE DETERMINATION, ARRANGED SO AS 
TO BE EASILY RETRIEVABLE BY ANY OF THE PROGRAMS OF THE SYSTEM. 

IN ADDITION TO describing WHICH DATA cards ARE required, each 
PROGRAM DESCRIPTION IN SECTION 2.XXXXXX-A INDICATtS WHICH DATA FILES 
ARE UTILIZED. IN GENERAL, TWO FILES ARE REQUIRED. ONE, SYMBOLICALLY 
REFERENCED As =NFILtA=, IS TREATED AS THE INPUT FILE AND SERVES AS A 
SOURCE OF ALL THE DATA NOT OTHERWISE PROVIDED, MOST OF THE SYSTEM 
PROGRAMS rely ON THE BINARY DATA FILE FOR INFORMATION WHICH HAS BEEN 
SUPPLIED AT A PREVIOUS STAGE. NORMALLY, AS A SYSTEM PROGRAM PROCEEDS, 
UPDATED FILE INFORMATION WILL «E WRITTEN ONTO a N OUTPUT BINARY DATA FILE, 
REFERRED TO (NOT SURPRISINGLY) AS = NFIIEB=. 

ONCE A CALCULATION HAS BEEN COMPLETED AND BEFORE READING A NEW 
PROGRAM CALLING CARU, THE SYSTEM INTERCHANGES ITS OWN CONCEPT OF =NFILEA= 

ANU =NFILEB=. THE OUTPUT FILE OF ANY ONE PROGRAM THUS BECOMES THE 
INPUT FILE TO THE SUCCEEDING O^’E, ANU VERSE VICA. FURTHERMORE, EACH TIME 
THE FIl.E IS UPDATED, THE NAME OF THE UPDATING PROGRAM IS AUTOMATICALLY 
ADDED INTO THE HISTORY RECORU WITHIN THE FILE, 

ON EVERY COMPUIER, EACH M«SS STORAGE DEVICE, IRRESPECTIVE OF ITS 
PHYSICAL TYPE, MUST t)E REFERENCED IN SOME wAY BY THE USER, IN FORTRAN 
PROGRAMS IT HAS BECOME TRADITIONAL TO MAKE THESE REFERENCES BY A .LOGICAL 
UNIT NUMBER', I.E. AN INTEGER WHICH POINTS TO A GIVEN PHYSICAL DEVICE. 

THE ACTUAL ASSIGNMENT OF NUMBERS TO DEVICES IS VERY MUCH DEPENDENT 
UPON LOCAL MACHINE ROOM CUSTOM ANO ONE CAN NEVER BE SURE WHICH (ILLOGICAL) 
LOGICAL NUMBER DESIGNATES WHICH PHYSICAL QEVICE, THE CARD READER (WHICH 
THE PROGRAMS REFER 10 AS =NTIN=) AND THE LlNE PRINTER (=NT0UT=> ARE ALSO 
IDENTIFIED BY THE USE OF LOGICAL NUMBERS, 
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THE HISTORY OF THESE LOGICAL NUMBERS TRACES BACK TO THE IBM 704 ON 

WHICH THERE WERE 10 TAPE UNITS WHICH WERE REFERRED TO AS J To 10 

RESPECTIVELY IAN INGENIOUS ARRANGEMENT). WHEN THE 709 WAS INTRODUCED. 

IT HAD 'CHANNELS', I HAT IS. TW" OR MORE SEpARATE DEVICES, EACH OF WHICH 
CONTROLLED UP TO 10 UNITS. THESE BECAME PHYSICAL UNITS AO TO Ag, BO TO 
B9. AND SO ON FOR AS MANY AS 8 CHANNELS. BY THIS TIME IT HAD BECOME 
TRADITIONAL TO USE UNIT NUMBER 5 AS THE INpUT TAPE UNIT ON THE 704 AND UNIT 
NUMBER 6 AS THE STANDARD ‘PRINT’ TAPE UNIT IN MANY LABORATORIES. THUS 
ON THE 709# A2 BECAME LOGICAL "NIT 5 AND A 3 LOGICAL UNIT f,. WITH THE 
INTRODUCTION OF IBSTS ON THE 7094, LOGICAL UNIT 6 BECAME PHYSICAL UNIT 
01 AT MANY PLACES, IT IS NOW FREQUENTLY FOUND THAT THE CARD READER 

IMAGES ARE STILL READ FROM UNIT 5 AND PRINTER IMAGES SENT TO UNIT 6, EVEN 

though they are intermediately stored on a disc or drum. 

For mass storage devices, it is now common practice for the user to 

ASSIGN A LOGICAL NUMbER TO A PHYSICAL MAGNETIC TAPE OR To A SYMBOLICALLY 
NAMEO DISC OR DRUM AREA BY ME A"S OF THE JOB CONTROL LANGUAGE. THE 
OPERATING SYSTEM USUALLY ALLOCATES WHICHEVER PHYSICAL DEVICE IS APPROPRIATE 
AT THE TIME OF RUNNING THE JOB. 

TwO DISTINCT WAYS ARE PROVIDED BY THE X-RAY SYSTEM. FOR SETTING 
THE CORRESPONDENCE BETWEEN THE LOGICAL NUMBERS ('IDENTIFYING' THE DEVICE) 
AND THE SYMBOLIC NAMES SUCH AS =NT0UT= OR =NFILEA=. ONE METHOD IS 
WITHIN THE 'NUCLEUS' PROGRAMS AND, WHEN THE SYSTEM IS COMPILED, THE 

values of =ntin= etc. should b»- set to the appropriate 'standard* usage 

OF THE LOCAL MACHINE. THE SECOND AND MORE IMPORTANT W*Y FROM THE 
STANDPOINT OF THE SYSTEM USER IS BY MEANS OF THE =FILES= CARD. THIS IS 
ONE OF THE OPERATION CARDS WHICH ARE DESCRIBED IN SECTION 2.GENERL. 

WITH A =FIL£S= CARO ONE IS ABLE TO RE-ASSIgN THE LOGICAL UNIT NUMBER OF 
ANY OF THE X-KAY SYSTEM FILES. THESE FILES, NAMED =NTlNs, =NTOuT=, 
=NFILEa=, rNFILEBr, =NFILEC=, . . . ,=NFILEJ=, HAVE THE FOLLOWING STANDARD 
USAGE - 


x-ray file 


PURPOSE 


NT I N 

NTOUT 

NFILEA 

NFILEB 

NFILEC 

NFILEO 

NFILEE 

NFILEF 

NFILEG 

NFILEH 

NFILEI 

NFILEO 


C Agq INPUT OATA 
L I "E PRINTER OUTPUT 

CRYSTALLOGRAPHIC INPUT binary data file 
UP"ATED CRYSTALLOGRAPHIC OuTPUT BINARY DATA FILE 


PUNCHED CARD OuTPUT 
SPECIAL OUTPUT FOR PRINTING 
SCRATCH UNIT FoR VARIOUS INTERMEDIATE 
SCRATCH UNIT FOR VARIOUS INTERMEDIATE 
SCRATCH UNIT FOR VARIOUS INTERMEDIATE 


SCRATCH UNIT FOR VARIOUS INTERMEDIATE 
SCRATCH UNIT FOR VARIOUS INTERMEDIATE 
SCRATCH UNIT FOR VARIOUS INTERMEDIATE 


JOBS 

JOBS 

JOBS 

JOBS 

JOBS 

JOBS 


NOTE THAT EVERY PROGKAm OF THE SYSTEM - 
***** READB CAROS FROM SNT1N= ***** 
***** PRINTS OUTPUT ON =NTOUT= **** 
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Ip several sysiem PROGRAMS are TO BE USED IN sequence# the user 

MAY NEED TO INSERT =FILES= CARDS IN THE DATA DECK. REMEMBER THAT 
=NFILEA= AND =NFILEB= ARE INTERCHANGED AUTOMATICALLY AFTER EACH PROGRAM 
HAS BEEN COMPLETED. THUS THESE TWO FILES MAY REQUIRE SETTING ONLY 
OCCASIONALLY, ONE MUST VISUALIZE, BEFORE THE RUN# HOW THE REQUIRED FILES 

WILL BE USED. LET US EXAMINE, FOR EXAMPLE# THE =FILES= CARD USAGE IN THE 

FOLLOWING RUN, AF I ER LOADING ATOMIC PARAMETERS INTO THE BINARY DATA FILE# 
WE INTEND TO 00 A CYCLE OF LEAST SQUARES REFINEMENT# FOLLOWED BY A 
FOURIER, AND TO FINISH WITH A hONQ LENGTHS AND ANGLES DETERMINATION. 

FOR SIMPLICITY# WE WILL ONLY CONSIDER THE USAGE OF =NFILEA= AND zNFILEBs# 
WHICH W E WILL INITIALIZE WITH n =FILES= CApD TO BE LOGICAL UNITS 8 AND 9. 

TITLE 
FILES 
LOAUAT 

ENO 

crylsq 


END 
FOuRR 

END 
FILES 
BONOLA 

END 

Op COURSE. NO DETAILS OF THE OTHER CA h OS ARE SHOWN. THE INITIAL 
-F ILESr CARD SETS UH THE REQUIRED STARTING VALUES, SO THAT =LOADAT= WILL 
READ UNIT 8 AND WRI IE 9, BEC«USE OF THE INTERCHANGE OF THE VALUES OF 
=NFILEA= AND =NFILEb= SUBSEQUENT TO THE COMPLETION OF rLOADATs, =CRYLSQ= 
WILL READ 9 AND WRI IE 8. SIMILARLY, sFOURR= WILL READ AM INPUT FILE ON 
UNIT 8, BUT# AS SHOWN IN PART ?, IT DOES NoT WRITE AN =NFlLEB= 

AND HEnCE THE INTERLHANGING OF 8 AND 9 BEFORE ENTERING rBONDLAr WOULD 
NORMALLY CAUSE 9 TO BE READ WITHIN =BOMDLA= THIS HOWEVER# DOES NOT CONTAIN 
THE RESULTS OF THE =CRYLSQ= RUN AND SO A =FlLES= CARD IS INSERTED BEFORE THE 
=BONDLA= CALLING CARD TO FORCE THE VALUE OF =NFILEA= TO BE 8 AT THAT TIME, 
MORE INVOLVED EXAMPLES ARE GIVFN IN APPENDIX 2 AND THEY SHOULD BE 
STUDIED FOR THEIR USE OF THE =eiLES= CAROS, 

BY SAVING AND KEEPING TRACK OF THE BINARY DATA FILE# ONE MAY 
GREATLY REDUCE THE NUMBER OF C«RDS NECESSARY TO CARRY OUT THE CALCULATIONS. 
THE FORM 6IVEN BELOW IS RECOMMENDED TO YOUR ATTENTION AS A MODEL FOR A 
PERSONAL RECORD TO KEEP AS COMPUTING RuNS ARE MADE DURING THE SOLUTION OF 
A CRYSTAL STRUCTURE. 


ILLUSIKATION OF =FIL£S= CARD HANDLING 
8 9 
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RUN RECORD 

INITIAL 

SERIAL NO. 

COMPOUND ID RUN SEQ. NO.-- 

DATE EXECUTION TIME 

CHARGE no. type of job — 

FILE ASSIGNMENTS (WITH LAB REGISTRATION NUMBERS) 

I I I I I I I I I I 

I LINK I NT IN I NTOUT I NFTLEA I NFILEB I NFILEC I I I I 

I'll I I I I I I I 

I I I I I I I II I 

III I I I I I I I 

I I I I I I I I I I 

7 r ’ i ” i" 7 7" "7 "7” ~7 ""7 

i i i i i i i i i i 

i i i i i i i ii i 

iii i i i i ii i 

i i . i i i i iii i 

i i i i i i i i i i 

7 7 i i 7 7 7 7 7 7 

i i i i i i i i i i 

i i i i i i i i i i 

A PRIORI REMARKS 


A POSTERIORI REMARKS 
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THE X-RAY SYSTEM DECK STRUCTURE 


THE COURSE OF I HE CRYSTAL! OGRAPHIC CALCULATIONS* WHICH MAy INVOLVE 
ANY NUMBER OF PROGRAMS IN THE SYSTEM, IS CONTROLLED BY THE ORDERING 
OF CAROS IN THE INPUT OATA. THE SEQUENCE OF EVENTS AS THE CALCULATION 
PROCEEDS IS AS FOLLUWS.... 

UPON INITIAL ENTRY INTO T*E SYSTEM, Or UPON MEETING A =RESTART= 

CARD, ALL FILE ASSIGNMENTS WlLt BE SET TO THEIR ’STANDARD* VALUES. THE 

page number for the printeo ou<put wiLt be set to zero, and the title 
array w hich is prinied at the top of each output page is set to blanks. 

a =TITLE= CARO SHOULD ALWAYS Ht- INCLUDED Ay THIS POINT EVEN IF ONLY TO 
EXPLAIN THE REASON FOR THE RUN. A = FILEs= CARU MAy BE NECESSARY AS WELL 
IF THE ’STANDARD* ASSIGNMENTS ''RE NOT APPROPRIATE FOR THE REQUIREMENTS 
OF THIg RUN. AFTER THIS COMES THE CALLING CARD FOR THE FIRST 
CRySTAlLOGRPAHIC PROGRAM NEEDEU FOR THE PROBLEM AT HAND. =REMARK= CARDS, 
IF ONE WISHES, MAY BE INSERTED NEXT, AND FINALLY THE DATA CARDS DEMANDED 
BY THE PROGRAM BEING CALLED. IF THE BINArY DATA FILE IS BEING USED AS 
THE SOijPCE OF DATA, AN =END= C«RD IS OFTEN THE ONLY DATA CARD REQUIRED. 
OTHERWISE, ONCE THE REQUIRED DATA IS ASSEMBLED IN ORDER, AN =ENO= CARD 
IS ALWAYS PLACED BEFORE ANY OTHER CALLING oR OPERATION CARD. OFTEN ONE 
WILL PLACE A =REMARK= CARO BEFORE EACH SUCCESSIVE CALL FOR ANOTHER 
CRYSTALLOGRAPHIC COMPUTATION. EACH PROGRAM READS AND PROCESSES DATA 
CAROS UNTIL THE. =ENU= CARO IS REACHED, WHEREUPON IT COMPLETES THE 
CALCULATION, WRITES SUMMARY DATA, AND FINISHES UPDATING THE BINARY DATA 
FILEUf ANY). CONIKOL THEN PASSES HACK TO THE ’NUCLEUS* WHICH 
INTERCHANGES =NFILEA= ANO SNFILEB= (LOGICALLY) ANq THEN SEEKS ANOTHER 

uata card. here one may insert some operation cards, if needed, and 
then comes another galling card for a new calculation with the same or 
any other SYSTEM PROGRAM THE CwYSTALLOGRAPhER MAY REQUIRE, 

IF, FOR ANY REASON, THERE IS A FAILURE BECAUSE OF THE PROGRESS OF 
THE CALCULATION (E.g. a SINGULAR MATRIX), EVERY PROGRAM TRIES TO SALVAGE 
THE OUTPUT BINARY DATA FILE (If ANY) AND GjVE A DIAGNOSTIC OF THE CAUSE 
OF FAILURE, WHEN IT IS signalled THAT A serious calculation ERROR HAS 
BEEN DETECTED, ALL OF THE SUBSEQUENT DATA, AND CALLING CARDS 
ARE SKIPPED UNTIL EITHER A =RESTART= OH A = FINISH= CARD IS ENCOUNTERED. 
SINCE VERY OFTEN THt FAILURE OF ONE CALCULATION PRECLUDES THE NEED FOR 
A SUBSEQUENT ONE. II IS BEST To USE =RESTArT= CARDS DISCREETLY. OBVIOUSLY 
THERE IS NO POINT IN CARRYING OUT AN FO FOyRIER IF THE PRECEDING STRUCTURE 
FACTOR CALCULATION FAILS. 

IN SUMMARY, BECAUSE OF THIS PROCEDURE, THE CALCULATIONS WHICH RUN 
INDEPENDENTLY SHOULD BE HEADED BY A =RE'STArT= CARD BUT A DEPENDENT 
SEQUENCE OF CALCULATIONS SHOULD NOT BE SEPARATED By SUCH A CARD. 

THE END OF ALL CALCULATIONS IS INDICATED BY A =FINlSHr CARD, 
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SYSTEM TERMINOLOGY 


since the initial implementation of the x-ray system, a certain 
vocabulary has been oevelopeo within the program descriptions, card 
format DEFINITIONS, and PROGRAM OUTPUT. the following glossary attempts 
to provide clarification of thh terminology used and indicates some of 
the general principles used within the system. 

atom IDENTIFICATION 


at =DATRONr TIME, CERTAIN * ATOM TYPES, ARE INTRODUCED INTO THE 
BINARY DATA FILE BY INCLUDING SCATTERING FACTOR TABLES FOR THE VARIOUS 
ATOMIC SPECIES PRESENT IN THE STRUCTURE UNDER STUDY. EACH ATOM TYPE 
MAY BE up TO 4 CHARACTERS IN LENGTH BUT MAy NOT END WITH A DIGIT - E.G., 

NA, OX, CU2+ , H ARE ACCEPTABLE BUT CU+2 IS NOT ACCEPTABLE. 

THE 'ATOM NUMBER * SERVES TO IDENTIFY ONE PARTICULAR ATOM AMONGST 
THE SEVERAL THERE M«Y BE OF A GIVEN ATOM TyPE. 

A COMPLETE • ATUM IDENTIFICATION' THEN CONSISTS OF THE TWO PARTS - 

atom type followed by atom number for that type - and in total it must 

NOT EXCEED 6 CHAKACIERS. THUS NA1, 0X35, CU2+1, H41, ARE ALL ACCEPTABLE 
ATOM IDENTIFICATIONS. WHATEVEW numbers follow AFTER THE last alphabetic 
CHARACTER are USED AS THE ATOM NUMBER. SInCE THE FIELD Is READ UNDER A4,A2 
FORMAT, THE IDENTIFICATION ANQ ELIMINATION OF NUMBERS IN THE Ar FIELD PERMITS 
THE DETERMINATION OF SCATTERING FACTOR TYPE (SEE PROGRAM NUSS <NuC003> 

FOR DETAILS). THE FINAL A2 FIFLO MAY RE ANY LEGAL SYMBOLS. THUS, FOR 
SCATTERING FACTOR H — 

H12345, H123C1, H123CC 

ARE All RIGHT, BUT H123C45, ETC. IS NOT A L LOwED. AS WITH THE COMPOUND 
IDENTIFICATION CODE, THE ATOM IDENTIFICATION FOR A PARTICULAR ATOM MUST ALWAYS 
BE PUNCHED CONSISTENTLY. 

THE ARILITY TO GENERATE FORM FACTORS BY THE EXPANSION FORMULA OF CROMER ET 
AL (SEE SEF l.DATRDN) IS INCLUHED THROUGHT THE USE OF =F0RMGN4 CARDS. THE 
COEFFICIENTS FOR C, N, 0, P, S. AND CL ARE STORED IN A SUBROUTINE. FOR H, THE 
FORM FACTORS OF STEWART ET AL ARE SIMILARLy AVAILABLE, 

ATOM PARAMETERS 


atomic parameters can only be 'loaded* ii.e. inserted) into the 

binary data FILE BY the USE OF THE =LOAQAT = PROGRAM. 

DijRING THE STRUCTURE FACTOR PROGRAMS, ATOMS MAY BE 'SELECTED' FROM 
THE BINARY OATA FILE IN TWO WAVS. FIRSTLY, BY USE OF AN =ATOM= CARD 
CONTAINING ONLY THE ATOM TYPE WITHIN THE APPROPRIATE FIELD, ONE CAN SELECT 
ALL ATOMS OF THAT TYPE FROM THH FILE. ALTERNATIVELY, By SPECIFYING THE 
COMPLETE ATOM IDENTIFICATION, A PARTICULAR ATOM WILL BE SELECTED, 
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compound identifica i ion code 


THE U C ER MUST ASSIGN THE COMPOUND UNDER CONSIDERATION A SIX CHARACTER 
NAME COMPRISING ANY LEGAL CARO PUNCHING, INCLUDING BLANKS. THIS SERVES 
TWO FUNCTIONS. FIRSTLY IT INSURES THAT THE INPUT BINARY DATA FILE IS 
IN fact the CORRECT ONE, SECONDLY* IT PERMITS the ready identification 
OF CARO DATA DECKS. 

ONCE A COMPOUNO IDENTIFICATION CODE HAS BEEN ASSIGNED, IT is EXTREMELY 
IMPORTANT TO PUNCH IT CONSISTENTLY THEREAFTER, ESPECIALLY WITH RESPECT 
TO IMBEDDED BLANKS, CHOOSE CAREFULLY. AND REMEMBER YOUR CHOICE. 

ELECTRON DENSITY SCALE FACTOR 


THE ELECTRON DENSITY SCALF FACTOR IS ySED IN THE FOURIER PROGRAM 
TO PLArE THE NUMBERS IN THE OUTPUT MAP WlTplN A CONVENIENT RANGE. =FOURR= 
CALCULATES ACTUAL EEECTRONS/CUHIC ANGSTROM (OR APPROPRIATELY FOR PATTERSONS 
AND E MAPS) WHICH HAVE A CONSIUERABLE RANGE OF MAGNITUDE DEPENDING UPON 
THE ATpMIC SPECIES PRESENT. THE PRINTING OF THE MAP IS DONE IN EITHER 
14 OR 12 FORMAT, ANU IN ORDER TO CONSTRAIN THE NUMBERS TO BE IN THE 
SELECTED RANGE. THIS SCALE FACTOR MAY BE UsEFUL. FOR FURTHER DETAILS SEE 
l.FOURR. 


EPSILON 


EPSILON, A SMALL, SYMMETRY RELATED IN T EG£R DESCRIBED IN VOL. II OF THE 
INTERNATIONAL TABLES PP, 35b- 6 AND CALLED ALPHA THERE BY LUZZATl IS REQUIRED 
FOR THE CALCULATION OF E VALUES (QUASI-NORMALIZED STRUCTURE FACTORS). 

THE CALCULATION OF I HESE FACTORS IS ALSO DESCRIBED IN • ’CRYSTALLOGRAPHIC 
COMPUTING'* (1969) P. 19 BY I. KARLE. IN D ATA REDUCTION THIS FACTOR IS 
CALCULATED FOR EACH REFLECTION AND STOPED IN THE BINARY DATA FILE FOR USE 
t> Y OTHER PROGRAMS IN THE SYSTE M . THE VALUE OF EPSILON IS CALCULATED BY A 
SIMPLE ENUMERATION PROCEDURE. IT IS THE COUNT OF THE NUMBER OF TIMES A 
REFLECTION IDENTICALLY IS GENERATED UNDER THE SYMMETRY OPERATIONS OF THE SPACE 
GROUP UNDER CONSIDERATION, TH«T IS TO SAY, FOR H(NEw) = HR<J) WHERE H IS 
THE VECTOR (H.K.L) *NU r(j) IS THE JTH ROTATION MATRIX SUPPLIED TO DATA 

REDUCTION. 

F CALCULATED, F OBSERVED. F relative, AND intensity 


all STRUCTURE factor INFORMATION OBTAiNEO BY EXPERIMENTAL OBSERVATION 
IS ENTERED INTO THE BINARY DAT" FILE THROUGH =DATRDN=. THIS M»Y BE IN 
TERMS OF INTENSITIES AS MEASURED FROM FILMS OR DIFFRACTOMETER, OR 
ALTERNATIVELY AS VALUES OF F SQUARED OP F OBTAINED BY SOME OTHER PREVIOUS 
DATA TREATMENT. THESE DATA Mt 'ST CONSIST OF A UNIQUE ASYMMETRIC SET OF 
REFLECTIONS AS DESCRIBED IN 'TREATMENT OF SYMMETRY' (SEE BELOW). 

IF THE QUANTITIES SUPPLIED TO zDATRDNz ARE INDICATED TO BE INTENSITIES, 
THE VARIOUS SYSTEMATIC CORRECTIONS ARE APPLIED AND THE SQUARE ROOT OF THE 
VALUE OBTAINED IS DEFINED TO BE F RELATIVE. 
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WHEN F SQUARED IS SUPPLIED. ITS SQUARE ROOT IS DEFINED TO BE F RELATIVE, 

F OBSERVED IS ALWAYS THE PRODUCT OF F RELATIVE AND ITS CORRESPONDING 
SCALE FACTOR (SEE 'SCALE FACTORS'), CERTAIN PROGRAMS PRODUCE LISTINGS 
INVOLVING VALUES OF BOTH F OBSERVED AND INTENSITIES. THE LATTER WILL ONLY BE 
MEANINGFUL IF INTENSITIES WERE SUPPLIEU TO =DATRDN=. 

F VALUES WHICH ARE DETERMINED BY THE PROGRAMS FROM ATOMIC COORDINATES 
ARE REFERRED TO AS ► CALCULATED AND WILL AGREE WITH THOSE OBTAINED FROM 
FORMULAE GIVEN IN INTERNATIONAL TABLES# VOL. I. 

GRID 


GRID IS USED TO DEFINE THE NUMBER OF SUBDIVISIONS ALONG A GIVEN AXIAL 
DIRECTION. THE REQUIRED VALUES MAY BE SUPPLIED BY THE USE OF A =GRIDr 
CARO, BUT IN THE ABSENCE OF A USER SPECIFIED GRID, VALUES ARE CALCULATED 
BY =DA T RDN= WHICH will PRODUCE ONE INCH PER ANGSTROM FOURIER SECTIONS, 
SPACED 0.3 ANGSTROMS BETWEEN EACH SECTION. 

JCOOE 


This was ORIGINALLY a variable name DEFINED IN I960 (BY ONE D. HIGH) TO BE 
USED To DESIGNATE THE KIND OF REFLECTION BEING PROCESSED, IT IS STILL USED 
IN THAT WAY BUT HAS CREPT INTO OUR VOCABULARY OF JARGON AS SYNONYMOUS WITH 
'REFLECTION TYPE* . 

JCODE REFLECTION TYPE 

1 OBSERVED 

2 LESS-Ihan 

3 TO BE CALCULATED ANO DISPLAYED BUT NOT 

USED. HISTORICALLY, ONE SUFFERING FROM 

PRIMARY OR SECON"AKY EXTINCTION. 

4 CONDEMNED BY THE USER AS INVALID, NEVER TO 
BE USLU OR DISPLAYED. 

5 SYSTEMATICALLY ABSENT, 

less-thans 


THIS TERM IS INTRODUCED TP DESIGNATE REFLECTIONS OF VERY LOW INTENSITY. 
THAT IS. THOSE REFLECTIONS WHIph ARE ALSO REFERRED TO IN CRYSTALLOGRAPHIC 

LITERATURE AS BEING 'UNOBSERVEi" OR 'ZERO' NOTE THAT IN NONE OF THESE 
INSTANCES IS THE TERM APPLIED TO SPACE GROUP DEPENDENT SYSTEMATIC ABSENCES. 

AS THE NAME 'LESb-THAM, IMPLIES, IT IS USED SPECIFICALLY TO SET A 
THRESHOLD OF OBSERVABILITY WHICH IS DEFINED DIFFERENTLY FOR FILM DATA 
AND FOR DIFFRACTOMEIER DATA. 

IN THE CASE OF FILM DATA, THERE WILL rE FOUND A SCALED, AVERAGED 
INTENSITY FOR SOME REFLECTION WHICH REPRESENTS THE LOWEST OBSERVED 
INTENSITY VALUE. ALL REFLECTIONS WITH INTENSITY BELOW THIS VALUE WILL 
BE UNOBSERVABLE. HOWEVER, THeIR ACTUAL VALUE MUST SURELY BE LESS THAN 
THE LOWEST 08SERVA8LE VALUE, ANO, BY ASSIGNING THEM THE LOWEST INTENSITY 
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TOGETHFR WITH A LESS-THAN IDENTIFICATION ( JC0DE=2) , THEY MAY BE UTILIZED 
IN REFINEMENT PROCEDURES. 

FOR DIFFRACTOMETER DATA, THE THRESHOLD OF OBSERVABILITY CAN BE 
ESTABLISHED ON THE BASIS OF THf COUNTING STATISTICS FOR EACH MEASUREMENT 
OF INTENSITY. WHEN THE ESTIMATED STANDARD DEVIATION OE THE INTENSITY IS 
SUCH THAT IT IS OF I HE SAME ORDER OF MAGNITUDE AS THE INTENSITY ITSELF, 

A REFLECTION MAY BE CONSIDERED TO BE A LESS-THAN. PROVISION IS MADE 
IN THE APPROPRIATE PROGRAMS FOR SUPPLYING THE DEFINITION OF THE NUMBER 
OF STAmDARO DEVIATIONS OF INTENSITY WHICH DEFINE THE THRESHOLD OF 
OBSERVABILITY, I.E. ONE CAN SPECIFY THE THRESHOLD TO BE AT ZERO SIGMA, 

ONE SIGMA, TWO SIGMA, ETC. 

in practice, the use of zfro sigma data appears to be best in . , 

SITUATIONS WHERE E VALUES ( QUASI-NORMAL I ZED STRUCTURE FACTORS) ARE BEING 
CALCULATED, SUCH AS IN =NORMSF= AND =DATFIx=. ON THE OTHER HAND, THREE 
SIGMA DATA APPEARS 10 B£ MOPE APPROPRIATE FOR LEAST SQUARES REFINEMENT 
BASED ON F OR F SOU*REO. THE LATTER PROGRAMS (E.G. =CRYLSQ=> THEREFORE, 
PERMIT, UNDER USER CONTROL, THE RECLASSIFICATION OF LESS-THANS BY 
SPECIFICATION OF THE. VALUE OF SIGMA REQUIRED, 

AN OBJECTIVE OF A STRUCTURE REFINEMENT WILL BE THAT EVERY CALCULATED 
STRUCTURE FACTOR WILL AGREE WITH THE OBSERVED VALUE AND THAT EvERY LESS-ThAN 
WILL CALCULATE BELOW THE SPECIFIED THRESHOLD, 

MAXHKL 


THE TRUE VALUES OF THE MAGNITUDE OF MAXIMUM MILLER INDICES H. K, AND L 
ARE VERY IMPORTANT WITHIN THE v-RAY SYSTEM AND SHOULD BE SUPPLIED AT =OATRDN= 
TIME. THEY ARE USED TO DETERMINE TABLE SI Z ES IN MOST OF THE LARGE SCALE 
CALCULATIONS AND THEREFORE IF SUPPLIED AS LARGE VALUES WILL CAuSE LARGE CORE 
REQUIREMENTS. sDATRDN= CAN ESTIMATE THEIR VALUES FROM THE MAXIMUM VALUE OF 
THETA RUT THIS OFTEN GIVES AN hnOESIRARLE RESULT, ESPECIALLY WITH HIGH 
SYMMETRY SPACE GROUPS. REFLECTIONS OUTSIDE THE =MAXHKL= LIMITS WILL BE 
REJECTED AT =UATRUN= time. 

NFW =MAXHKL= VALUES CAN BF SUPPLIED At OTHER TIMES TO =LOADAT=. THESE 
VALUES WILL BE INSERTED INTO T m £ binary data FILE (ALTHOUGH NO REFLECTIONS 
WILL BF REMOVED FROM THE FILE) AND WILL THEREFORE RESTRICT ALL SUBSEQUENT 
CALCULATIONS. =MAXHKL= LIMITS SUPPLIED TO ANY OTHER PROGRAM WILL NOT BE 
WRITTEN IN THE FILE AND THEREFORE ONLY HAVE A LOCAL EFFECT. SI N ( THETA ) /LAMBDA 
LIMITS MAY ALSO he INCLUDED IN THE =MAXHKL= CARD AND THE MORE STRINGENT 
LIMITS WILL APPLY. 

MULTIPLICITY 


THE TERM ’MULTIPLICITY’ REFERS TO TWO DISTINCT QUANTITIES, ALTHOUGH 
BOTH HAVE TO DO WITH POINTS WHICH ARE EQUIVALENT BY SYMMETRY. 

THE FIRST USAGE, ’REFLECTION MULTIPLICITY', IS A RATIO EXPRESSING 
THE NUMBER OF GENERAL REFLECTIONS EQUIVALENT TO A GIVEN REFLECTION. 

CONSIDER THE REFLEC I ION WITH MILLER INDICES 1, 2, 3 IN THE SPACE GROUP P2/M, 
THIS HAS A MULTIPLICITY OF 2 BFCAUSE IT IS SYMMETRICALLY EQUIVALENT TO THE 
1, -2, 3 REFLECTION. (NOTE THflT ANY CENTERING IS TREATED SPECIALLY, SO THAT 
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The PRESENCE OF THE -1, -2» -3 and -1, 2. -3 ARE OTHERWISE AUTOMATICALLY 
IMPLIED - SEE 'TREAIMENT OF SYMMETRY'.) oN THE OTHER HAND. THE 2, 0. 0 
HAS A MULTIPLICITY OF ONLY 1 BtCAUSE 2. 0, 0 AND 2. -0, 0 ARE IDENTICAL. THESE 
REFLECTION MULTIPLICITIES ARE "SED for correct weighting OF reflections 
within =FOURR= WHICH only TREATS ONE HEMISPHERE OF INFORMATION. 

THE TERM IS ALSO USEO IN 'ATOM MULTIPLICITY* WHICH Is EFFECTIVELY 
A 'WEIGHT* TO BE APPLIED TO POINTS IN DIRECT SPACE. IT IS DERIVED IN 
=LOAOATr BY GENERATION OF ALL THE SYMMETRICALLY EQUIVALENT ATOMS FROM A GIVEN 
ATOM OF THE ASYMMETRIC SET. WHEN AN ATOM IS SO TREATED, SOME (OR ALL) OF THE 
GENERATED ATOMS MAY COINCIDE WITH THE ORIGINAL POSITION. IF THIS OCCURS 
THAT ATOM IS SAID TO BE IN A 'SPECIAL POSITION* HAVING A MULTIPLICITY 
EQUAL TO THE RECIPROCAL OF THE TOTAL NUMBER OF EQUIVALENT ATOMS. USING 
THE P2/M EXAMPLE ABOVE, AN ATO M AT 0,5. 0, 0.5 WILL HAVE ANOTHER SYMMETRICALLY 
RELATED ATOM AT -0.S, 0. -0.5. THESE ARE IDENTICAL POINTS IN THE UNIT 
CELL ANO SO THE ATOM MULTIPLICITY IS 1/2. 

ADDITIONAL INFORMATION IS DERIVED WIThIN =LOADAT= GIVING THE 
RESTRICTIONS PLACED UPON THE ATOMIC PARAMETERS BY THE NATURE OF THE 
SPECIAL POSITION. THIS IS USP-FUL IN SUBSEQUENT REFINEMENT PROCEDURES. 

PARTIAL CONTRIBUTION 


THE LIMIT TO THE NUMBER OP UNIQUE ATOMS WHICH MAY BE USED FOR CALCULATION 
DEPENDS UPON THE TEMPERATURE FACTOR MODE AmD CORE SIZE OF THE MACHINE USED. 
HOWEVER, THIS LIMITATION CAN BP READILY OVERCOME BY THE USE OF THE PARTIAL 
CONTRIBUTION TECHNIQUE PROVIDED IN THE STRUCTURE FACTOR PROGRAMS OF THE 
SYSTEM (E.G. =FC=. =CRYLSQ=). FOR EACH REFLECTION IN THE BINARY DATA FILE, 
SPACE IS RESERVED FOR THE VALUES A AND B (I.E, THE REAL AMD IMAGINARY PARTS 
OF THE STRUCTURE FACTOR), ANU PARTA AND PARTB (I.E. PARTIAL CONTRIBUTIONS TO 
A AND P). DATA REDUCTION INITIALIZES ALL FOUR TO ZERO AND ANY STRUCTURE 
FACTOR CALCULATION ON A SET OF ATOMS WILL CAUSE ENTRIES TO BE MADE IN ITS 
OUTPUT BINARY OATA PILE FOR A and B. IF THIS FILE IS SUBSEQUENTLY USED 
AS THE INPUT FILE FOR ANOTHER STRUCTURE FACTOR CALCULATION, THESE VALUES OF 
A AND p MAY be 'ESTABLISHED AN" APPLIED* As PARTIAL CONTRIBUTIONS TO THE 
CALCULATION AND THEY WILL BE U^ED INSTEAD oF ZEROS TO START THE STRUCTURE 
FACTOR SUMMATIONS. MOREOVER, THEY WILL HE ENTERED AS VALUES FOR PARTA AND 
PARTB IN THE NEW OUIPUT FILE, A AND H WILL. OF COURSE, BE UPDATED AS THE 
RESULT OF THE MOST RECENT CALCULATION, BUT WILL NOW CONTAIN BOTH THE EFFECT 
OF THE PARTIAL ATOMS FROM THE PIRST RUN AND OF THE ADDITIONAL ATOMS ENTERED 
DUPING THE SECOND CALCULATION. 

TwO OPTIONS ARt AVAILABLE WHEN SUBSEQUENT STRUCTURE FACTOR PROGRAMS USE 
THIS NFW FILE AS INP-UT, ONE CAN AGAIN ESTABLISH AND APPLY T HE A AND B AS 
BEING PARTIAL CONTRIBUTIONS AND SO CUMULATE THE EFFECT OF MORE AND MORE 
GROUPS OF ATOMS INTO THE STRUCTURE. ALTERNATIVELY ONE MAY SIMPLY 'APPLY' THE 
EXISTING PARTIAL CONTRIBUTIONS TO PERHAPS A MODIFIED SET OF ADDITIONAL ATOMS. 

IT IS THUS POSSIBLE TO CARRY OUT LARGE BLOCK REFINEMENTS OF VARIOUS 
PARTS OF A MOLECULE TO ACHIEVE OVERALL REFINEMENT OF THE COMPLETE STRUCTURE. 

POPULATION PARAMETER 


•POPULATION PARAMETER' IS A TERM USED TO EXPRESS FRACTIONAL 
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OCCUPANCY OF AN ATOM SITE. IT IS TREATED INDEPENDENTLY OF ATOM MULTIPLICITY 
( SEE ABOVE) IN =CRYLSQ=. 

SCALE FACTORS 


these quantities are used throughout the system to place the values 

OF F RFLATIVE ON THE SAME SCALE AS F CALCULATED, AS DEFINED IN INTERNATIONAL 
TABLES, VOL. I. THAT IS. THE SCALE FACTOR IS USED TO CONVERT THE VALUE OF 
F RELATIVE INTO F OBSERVED. 

SCALE FACTORS ARE INITIALLY DETERMINED BY THE USE OF =NORMSF= 

WHICH USES THE SCAITERING FACTOR AND CELL CONTENT INFORMATION TO 
STATISTICALLY ESTABLISH REASONABLE VALUES. IN PRACTICE. THESE VALUES 

have proved to be within io percent of the final scale factors for 
DIFFRACTOMETER data. in the case of film data, there may be a NUMBER of 
scale FACTORS for a GIVEN COMPOUND CORRESPONDING TO DIFFERENT groups 
OF OAT A SUCH AS, IN THE WEISSEnBERG CASE, THE VARIOUS LEVELS COLLECTED. 

these scale factors (whether a single one for all the data or several 

FOR VARIOUS GROUPS OF DATA ) WHL PROBABLY EVENTUALLY BE REFINED BY THE 
LEAST SQUARES PROGRAMS , DURING THE PROCESS OF REFINEMENT, THE QUANTITY 
USED IN THE CALCULAIIONS IS THE RECIPROCAL OF THE F RELATIVE SCALE FACTOR 
ALTHOUGH ALL INPUT «NO INTERNAL STORAGE IS IN TERMS OF THE ACTUAL F RELATIVE 
SCALE FACTOR. 

IN ADDITION TO THE CHANGES IN VALUE CALCULATED FOR THE SCALE FACTORS 
BY THE LEAST SQUARES PROGRAMS (WHICH ARE Oi.iTPuT ON ThE BINARY DATA FILE 
AS SCAiE FACTORS). CERTAIN OTHER PROGRAMS (E.G. =FC=, =RLIST=) CALCULATE 
THE QUANTITY . 


SUMMAT ION ( F CALCULATED) / SUMMATION t F RELATIVE) j . 

WHICH PROVIDES an INDICATION OE A rRESCALEr FACTOR. IN PRACTICE, THIS 
RESCALE FACTOR RARELY NEEDS TO BE USED IF THE INITIAL ESTIMATE OF THE 
SCALE FACTOR IS REASONABLE. 

NORMALLY, SC ALL FACTORS WILL BE TAKEN FROM THE VALUES STORED IN THE 
BINARY DATA FILE. HOWEVER, T H ESE VALUES MAY BE SUPERSEDED BY VALUES 
INPUT CM =SCALE= CARDS. ALL PROGRAMS EXCEPT rFC= WHICH BOTH CALCULATE (OR 
REFINE) SCALE FACTORS AnU WR I TF AN OUTPUT BINARY FILE WILL UPDATE THE OUTPUT 
BINARY qATA FILE W I I H THE NEW VALUES. 

THE PRACTICE OF ADJUSTING SCALE FACTORS DURING THE COURSE OF 
REFINEMENT AT A STAoE WHEN NOT ALL OF THE ATOMS OF AN ASYMMETRIC SET ARE 
YET INCLUDED CAN LE«U TO CERT A T N PROBLEMS. FOR EXAMPLE, A DIFFERENCE MAP 
MADE TO LOCATE HYDROGENS BUT USING THE BEST LEAST SQUARES SCALE FACTORS 
OBTAINED for NON-HYUROGEN ATOMS WILL NOT SHOW THE HYDROGEN PEAKS AT THEIR 
TRUE MAGNITUDE (IN FACT THEY WILL BE ARTIFICIALLY LOWERED* . 

the scale factors which ape input at =datkdn= time are treated in a 
special way. they are used to scale the input quantity - intensity, f squared, 

OR F RELATIVE - FOR VARIOUS GROUPS OF DATA BEFORE THOSE ENTRIES ARE MADE IN 

the output binary data file, all scale factors in the output file are set to 
1.0 at rDATRDNr TIML, 
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there are two uther tyres of scale factor which are not entirely 

INDEPENDENT OF THE SCALE FACTO* AS DEFINED ABOVE. ONE TYPE IS USED IN 
THE INITIAL STAGES UF PRODUCING A SET OF MERGED, SCALED, AND AvERAGED 
data From a DIFFRAC IOMETER OR t-ROM A SERIES OF FILM PACKS, THIS IS THE 
SCALE FACTOR USED IN DATA CORRELATION PROGRAMS. THE OTHER TYPE IS THE 
ELECTRON DENSITY SCALE FACTOR (SEE ABOVE) REFERRED TO IN =FOuRR=. 

STRUCTURE INVARIANTS 


THERE ARE TWO TERMS WHICH MUST Be CLEARLY DISTINGUISHED IN SPEAKING 
OF ‘STRUCTURE INVARIANTS*. THESE TERMS ARE APPLIED TO — 

1. INDIVIDUAL REFLECTION PHASES WHICH ARE * INVARIANT * FOR THE 
STRUCIURE AT HAND 

2. COMBINATIONS OF REFLECTION PHASES WHICH ARE * INVARIANT * FOR 
ANY SIKUCTURE, 

THE FIRST GROUP ARE CALLED 'STRUCTURE SEM INVARI ANT PHASES' AND 
THE SECOND ARE CALLtU 'STRUCTURE INVARIANT PHASE RELATIONSHIPS'. VERY OFTEN 
THE FIRST WILL BE CALLED SIMPLV STRUCTURE S EMINVARI ANTS AND THE SECOND, 
STRUCTURE INVARIANTS. THIS DISTINCTION HAS BEEN A SOURCE OF SOME CONFUSION 
WHEN ONE IS APPLYING DIRECT ME1H00S. 

STRUCTURE SEMINVARIanT PHASES 

THE STRUCIURE SEMINVARIANT PHASES ARISE FROM THE FACT THAT CERTAIN 
REFLECTION VECTORS IHN.KN.LN) WITHIN A GIVEN SPACE GROUP ARE INVARIANT WITH 
RESPECT TO ANY OEFIHEU ORIGIN I- OR THE UNIT CELL. THE PHASE, PHI , OF A GIVEN 
REFLECTION DERIVES R ROM A DOT PRODUCT — 


♦ • • • 

. X . 

PHI (HN.KN.LN) r 2 *PI*(HN,KN,Ln) . Y . 

. Z . 


WHERE THE VECTOR XYZ IS SOME POINT IN THE u^IT CELL REFERRING TO AN ARBITRARY 
ORIGIN. 

FC = 


SUMMATION ( J=1 
SUMMATION 0=1 
SUMMATION I U=1 


TO N) FXP(2*PI*I <H*XU> ) 

TO N) tXP(2*PI*I <H*(XJ + X0>>) 

TO NS) OF THE SUMMATI0N(0=1 TO NA)EXP2*PI*I*H*RJJ* 

(XJ + X0> 


EXP (I*PI*I*H*RJJ*XU) 


EXP(I*PI*I*H*RJU*XO> 
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SUMMATIONt J=1 TO NS )FXP<2*PI*I< H*R JJ+XO ) ) SUMMATION ( J=1 TO NA)EXP 

<2*PI*I (H*RJJ*XJ) ) 

IN SPECIAL CASES OF HIGH PROBABILITY (ALL HIGH E VALUES). 


STRUCTURE INVARIANT PHASE RELATIONSHIPS 


THERE IS I HE POSSIBILITY THAT PHASES OF CERTAIN REFLECTIONS COMBINE 
IN SUCH A WAy THAT AN INVARIANT QUANTITY RESULTS. THERE IS THE TRIVIAL 
EXAMPLE IN WHICH — 

HI = 0 

K1 = 0 

LI = 0 

I , E • # THE null VECTOR, F(0»0i0>* WHICH IS DEPENDENT EXCLUSIVELY on the 
STRUCTURE (CONTENT) OF THE UNI I CELL. 

ALSO WE HAVE THE CASE WHEN — 

HI + ,H2 = 0 

K1 ♦ K2 = 0 

LI + L2 = 0 

WHICH IS FRIEUEL'S LAW. THIS STATES THAT PHI ( HI , K 1 ,L1 ) = -PHI ( «2 , K2 , L2 > 

WHICH IS ALSO- INDEPENDENT OF THE CELL SPECIFICATIONS. THIS RELATIONSHIP IS 
USED THROUGHOUT THE PHASE DETERMINING PROCESS. 

THE NEXT POSSIBLE STRUCTURE INVARIANT PHASE RELATIONSHIP isj THAT 
FOR WHICH — 

Hi + H2 + H3 = 0 

KI + K* + K3 S 0 

LI + L2 + L3 s 0 

WHICH IS THE BASIS OF THE SIGMA-TWO RELATIONSHIP. VECTORS WHICH MEET THIS 
CRITERION GIVE RISE TO STRUCTURE INVARIANTS OF THE FORM — 

COS ( PHI (Hl.KlfLl) + PHI <H2,K2,L2) ♦ PHI <H3,K3,t-3) ) = G 

THIS PARTICULAR STRUCTURE INVARIANT HAS PROVEN MOST EFFECTIVE IN SOLVING 
STRUCTURES. THE VALUE OF THE AVERAGE, G, wAy BE OBTAINED IN TwO WAYS. ONE 
WAy IS TO ASSUME THAT IT IS +1,0 WHICH HOLDS FOR PHI VALUES OF REFLECTIONS 
(HN.KN.LN) WHERE E(N) IS LARGE. THE OTHER WAY IS TO ACTUALLY CALCULATE AN 
ESTIMATE OF EACH G BASED ON AVERAGES OVER ALL VECTORS (HN,KN,LN) FOR THE £(N), 

IN A SIMILAR WAY, THE FOURTH ORDER RELATIONSHIP — 

Hi + H2 + H3 + H4 = 0 

Kl + K2 + K3 + K4 = 0 
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LI + L2 + L3 + L4 = 0 


MAY BE USED. 


SYMBOLIC PHASE 


AT THE BEGINNING OF THE PROCESS OF GENERATING PHASES FOR AN UNKNOWN 
CRYSTAi , ALL REFLEC I IONS ABOVE A CERTAIN THRESHOLD OF E (THE NORMALIZED 
STRUCTURE FACTOR) ARE SERIALLY ASSIGNED A * SYMBOLIC PHASE*. THESE SYMBOLIC 
PHASES ARE DENOTED BY A SYMBOL NUMBER IN DECREASING ORDER OF E VALUE. 

THAT Is, the MAXIMUM value OF F IS given ThE SYMBOL 1. THF next LARGEST 2, 

AND SO ON. IN THIS WAY, THE SYMBOL NUMBER NOT ONLY SERVES TO IDENTIFY THE 
GIVEN REFLECTION. BUT ALSO TO STAND FOR THE VALUE OF THE UNKNOWN PHASE. 

ANY OTHFR SYMBOLIC DESIGNATION (FOR EXAMPLE LETTERS) COULD HAVE BEEN 
CHOSEN BUT THE ADVANTAGE OF USING SEQUFNTlAL INTEGERS IS THAT EACH MAY 
SERVE AS A SUBSCRIPI TO POINT TO A GIVEN SYMBOLIC PHASE AND. IN ORDER TO SAVE 
STORAGE AND COMPUTING TIME. THfc SYMBOL NUMBER BECOMES. IN USE, THE SYMBOLIC 
PHASE, 


CCNSEGUENILY, IN THE COURSE OF THE DETERMINATION OF A SET OF PHASES 

each symbolic phase will at thl end of the process fall into one of the 
following categories — 


1. OEFINtU - A PHASE WhICH HAS BEEN ASSIGNED A NUMERIC 

VALUE FROM CELL SPECIFICATION, OTHER 

statistical relationships, or possible phase 
. PERMUTATIONS 


2, UNOETtRMlNED 


A PHASE WHICH IS STILL UNKNOWN 


3. DETERMINED 


DERIVES A NUMERIC VALUE THROUGH SIGMA-TWO 
RELATIONSHIPS 


4. DEPENDENT 


A PHASE WHICH MAY BE EXPRESSED IN TERMS OF 
DEFINED, determined, and UNDETERMINED symbols 


5. MISSING - A PHASE WHICH HAS NO SIGMA-TWO INTERACTIONS 

WITHIN THE SET OF REFLECTIONS UNDER 
CONSIDERATION. 


THE TREATMENT OF SYMMETRY 


THE CRYSTALLOGRAPHIC PROGRAMS OF THE X-RAY SYSTEM ARE DESIGNED TO 
OPERATE FOR ANY SPADE GROUP IN ANY SETTING. THE DESIGN OF THE PROGRAMS 
IS SUCH THAT THE DA I A REDUCTION PROGRAM READS THE SYMMETRY SPECIFIED BY THE 
CRYSTALLOGRAPHER ANU RECASTS IT INTO SUITAPLE FORMS FOR USE BY the VARIOUS 
PROGRAMS of the SYS I EM. SEVERAL ARBITRARY RULES MUST BE OBSERVED 
IN ORDER TO PRODUCE COMPUTATIONALLY CORRECT RESULTS WITH RESPECT TO SYMMETRY. 

1 . A UNIQUE ASYMMETRIC SET OF REFLECTIONS MUST eE SUPPLIED. 

IF ONE HAS SPACE GROUP P4. FOR EXAMPLE, THEN ANy ONE REFLECTION 
FROM THE SET HKL , HK-L, -H-KL, -H-K-L, -KHL, K-HL, K-H-L, 
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OR -KH-L MUST BE SUPPLIED. N 0 MORE THAN ONE SHOu>-O.BE 
SUPPLIED. A SIMILAR CONSIDERATION APPLIES TO THE NON- 
EQUIVALENT SET RELATED TO -HKL. 

2. A SEPARATE STATEMENT (ON THE -LATICEr CARD) INDICATES THE 
BRAVAIB LATTICE TYPE aND WHETHER THE CELL IS CENTRIC OR 
ACENTRIC. 

3. ALL THE REST OF THE SYMMETRY IS SPECIFIED By MEANS OF A 
STATEMtNT OF THE SYMMETRY OPERATIONS IN TERMS OF GENERAL 
EQUIVALENT POSITIONS. 

TAKE AS AN EXAMPLE, C 2/C, WHICH HAS tHE FULL SET OF EQUIVALENT 
POSITIONS 


X, Y, Z 

X + 1/2* Y + 1/2, Z 

X, -Y, Z + 1/2 

X + 1/2, -Y ♦ 1/2, Z + 1/2 

-X, Y, -Z ■*■ 1/2 

-X + 1/2, Y + i/2, -Z + 1/2 

-X, -Y, -Z 

-X + 1/2, -Y + 1/2, -Z 

IN THE X-RAY SYSTEM THIS EXAMPt E MUST BE ENCODED BY THE FOLLOWING INPUT. 
LATICE C r 

SYMTRY X, Y, Z 

SYMTKY X, -Y, Z + 1/2 

NOTE That the .SECONU =SYMTRY= CARO COULD Just AS WELL HAVE BEEN -X, Y, 

-Z 1/2 (BECAUSE II IS IMPLIED BY TH£ CENTER). THE IDENTITY (X, Y, Z) IS 
ALWAYS EXPECTED AND MUST BE GIVEN. IN THE SYSTEM, THE SYMMETRY DATA SPJPPLIED 
IS TRANSFORMED into TWO forms. ONE IS a Set OF ROTATION MATRICES AND < 
TRANSLATION VECTORS USED 6Y ALL PROGRAMS WHICH MUST GENERATE EQUIVALENT 
POSITIONS IN DIRECT SPACE OR EQUIVALENT REFLECTIONS IN RECIPROCAL SPACE. THE 
OTHER IS A SET OF INThGER DIRECTORS ASSOCIATED WITH EACH REFLECTION IN THE 
BINARY DATA FILE. THESE INTEGFRS MAKE POSSIBLE THE GENERATION OF ALL THE 
EQUIVALENT RECIPROCAL SPACE POINTS AND STRUCTURE FACTORS (PHASES INCLUDED). 
THUS ONE MAY SAY THAT ALL THE VARIOUS PROGRAMS ARE CODED AS IF THE STRUCTURES 
WERE TRICLINIC ANO I HE SYMMETRY IS IMPOSED BY MACHINE DIRECTING CODES 
ESTALBISHED BY THE DAT A REDUCTION PROGRAM. THIS, THEN, Is THE ’RAISON D’ETRE* 
FOR THE EXISTENCE OF THE BINARY DATA FILE AS FORMED BY DATA REDUCTION. 

THE CRySTALLOGRAPHE* WORKS ONLY WITH AN ASYMMETRIC SET OF ATOMS AND 
REFLECTIONS. 


TEMPERATURE FACTORS 


WHERE APPROPRIATE, EVERY PROGRAM IS OfSIGNEU TO PERMIT THE USE OF 
OVERALL ISOTROPIC, 1NUIVIOUAL ISOTROPIC, INDIVIDUAL ANISOTROPIC, OR A 
MIXTURE OF ALL THREt TYPES OF TEMPERATURE FACTOR. IF NECESSARY, THE 
PROGRAM WILL PERFORM THE APPROPRIATE I NTERcON VERSION (EXCEPT, CURRENTLY, =FC=>. 

A NUMBER OF DIFFERENT CONVENTIONS HAVE BEEN FOLLOWED IN THE 
CRYSTALLOGRAPHIC LIIERATURE FOw THE OEFINIylON OF TEMPERATURE FACTORS. 

WITHIN THE X-RAY SYSTEM, USE IS MADE OF THE OEBYE-WALLER B FACTOR FOR THE 
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ISOTROPIC MODE# AS USED IN THE EXPRESSION 

EXP -<B*S**2) 

WHERE S= (SINE THET A ) /LAMBDA , THE CORRESPONDING ANISOTROPIC EXPRESSION IS 

EXP -(H**2*»ETA < 1#1 ) + +2*H*K*BETA< 1»2) + . . . ) 

HOwEVEp# with the aim of eventual consistency, it is proposed that the 

SYSTEM WILL FOR ALL OUTPUT AUOHT THE CRUICkSHANK U NOTATION, HAVING THE 
RELATIONSHIPS 


B = 8*<RI**2)*U 

BET A ( 1 # J ) = 2*(ul**2)*U(l#J)*{ASTAR(I)*ASTAR(U)) 

B 1 1 , J ) = R*(hi**2)*U(I,J) 

(WHERE ASTAR IS A RECIPROCAL Avis LENGTH). THIS CHOICE IS MAOE AS A 
RESULT OF THE ARTICLE BY D.W.J. CRUICKSHANK IN ACTA CRYST., 1956# 9# P.747. 

Currently# at =loadat= ti«e (which is the only place where temperature 

FACTORS ARE ENTERED INTO THE SYSTEM) THE VALUES ARE OUTPUT IN ALL THREE 
CONVENTIONS TOGETHER WITH THE U VALUES OF THE ELLIPSOID AND THE ANGLES 
MADE BY THE AXES HUH THE CELL EDGES. 

WHEN INPUTTING TEMPERATURE FACTOR INFORMATION# ANY OP =8=, =BETA=# 
=BIJ=, =U=. OR =UIJ= ARE ACCEPTABLE. THE ONLY COMMONLY USED FORM WHICH 
IS NOT ALLOWED IS THAT IN WHICH THE FACTOR 2 IN THE CROSS TERMS HAS BEEN 
ABSORBED INTO. THOSE TERMS IN THE TEMPERATURE FACTOR. 

WEIGHTING j 


THE PROCESS OF REFINEMENT OF A CRYSTAL STRUCTURE UTILIZING A 
NONLINEAR LEAST SQUARES PROCtDi IRE REQUIRES SOME ATTENTION TO BE GIVEN 
TO THE WEIGHT ASSIGNED TO EACH EXPERIMFNTAl OBSERVATION. IN THE SYSTEM, 

THE QUANTITY STORED IN THE BINARY DATA FILE IS THE SQUARE ROOT OF THE 
REFLECTION WEIGHT. (THIS CONTENTION HAS ARISEN BECAUSE IT SAVES MANY 
THOUSANDS OF MULTIPLICATION OPERATIONS DURING THE BUILDING OF THE MATRIX 
AND VECTOR OF THE NORMAL EQUATIONS.) THE PRACTICE FOLLOWS THAT ESTABLISHED 
IN =ORyLS= AND IS COMMON TO MA*'Y CRYSTALLOoRAPHIC LEAST SQUARES PROGRAMS. 

■ THE DERIVATION OF THE VALUES OF THE WEIGHTS IS A MATTER OF CONSIDERABLE 
CONTROVERSY IN THE CRYSTALLOGRAPHIC LITERATURE. FOR THIS REASON, A NUMBER 
OF METHODS OF DEALING WITH THE PROBLEM OF ESTABLISHING VALUES SUITABLE TO 
THE GlyEN PROBLEM ARE PROVIDED. rDATRDNr ALLOWS THE BINARY DATA FILE 
VALUE# OR ITS RECIPROCAL# TO BY INPUT DIRECTLY ON =HKL= CARDS. ALTERNATIVELY# 
ONE MAy SPECIFY COEYFICIENTS For THE CALCULATION OF THIS VALUE USING AN 
EQUATION DESCRIBED IN l.OATRDN, FINALLY, =WTANAL= AND =WTLSSQ= MAY BE 
USED TO DERIVE A SUITABLE SET OF WEIGHTS. 
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=ABS0R8= - DIFFRACTOMETER ABSORPTION CORRECTION program 


this program is a modification OF A FOuR-CIRCLE DIFFRACTOMETER code 
WRITTEN By p. COPPENS OF SUMY BUFFALO. THE ABSORPTION ROUTINES WERE OBTAINED 
f ROM R.F. STEWART, CARNEGIE- MELLON UNIVERSITY, WHO HAD INCORPPORATED THEM INTO 
A DATA REDUCTION PACKAGE. H.L. AMMON MODIFIED THE PROGRAM FOR THE X-RAY 
SYSTEM INCLUDING A COMPLETE REWRITE OF THE INPUT sections for crystal 
ORIENTATION AND CRYSTAL FACE SPECIFICATION. THE FOURTH DIFFRACTOMETER ANGLE 
(OMEGA = THETA) IS NOT ALLOWED TO VARY INDEPENDENTLY IN THIS VERSION 
(I.E., OMEGA IS ASSUMED TO BE FQUAL TO 0.5*2THETA). 

EVALUATION OF THE ABSORPTION INTEGRAL =A= IS DONE BY NUMMERlCAL SUMMATION 
OVER A THREE-DIMENSIONAL GRID OF POINTS WITHIN THE CRYSTAL VOLUME. THE 
GAUSSIAN QUADRATURE METHOD IS USED WHICH ASSIGNS TO EACH POINT A WEIGHT 
PROPORTIONAL TO THE CRYSTAL VOLUME ELEMENT REPRESENTED BY THE POINT. 

( 1 ) INTEGRAL ( ) 

A = * OVER <EXP**(-MU*T> DELTA V) 

(CRYSTAL VOLUME) CRYSTAL VOLUME ( > 

THE ABSORPTION CORRECTION TERM IS OUTPUT As =A*=» WHERE 
AW = 1/A 

I (CORRECTED) r (A*) * I (MEASURED) 

ADDITIONAL INFORMATION ON THE METHOD OF CALCULATION, EXAMPLES OF ITS 
ACCURACY, ETC. MAY HE FOUND IN REF. 1. 

THE DIFFRACTOME IER GEOMETRY SPECIFIED IN THE PROGRAM ]S USED ON THF PICKER 
FACS— I , MANY OTHER SYSTEMS HAVE IDENTICAL OR EQUIVALENT GEOMETRIES, THE 
GENERAL-ELECTRIC XRU-6, FOR EXAMPLE, IS JUST THE FACS-I TURNED UPSIDE-DOWN. 
WITH All diffractometer angles SET TO 0.0, a set OF DIFFRACTOMETER axes is 
UEFINED SUCH THAT +* POINTS TOWARD THE X-RaY SOURCE (-X INTO THE DETECTOR), Y 
IS t)OTH IN THt HORIZONTAL DIFFRACTOMETER P L ANE AND THE PLANE OF THE CHI 
CIRCLE, 2 IS NORMAL TO X AND Y TO YIELD A RIGHT-HANDED SYSTEM. THE + 

DIRECTION OF Y IS OtEINEO SUCH THAT WHEN A REFLECTION IS BEING MEASURED AT 
SOME + 2THETA, THE 1NCIOENT BE«M OCCUPIES THE +X,+Y QUADRANT, THE DIFFRACTED 
VECTOR MOVES THROUGH THE -X, + Y QUADRANT AND THE RECIPROCAL LATTICE VECTOR IS 
COINCIDENT WITH +Y, THE +Y AXIS FORMS THE REFERENCE POINT FOR PHI = 0 
DEGREES AND THE + DIRECTION OF ROTATION IS ASSUMED TO GO FROM +Y TO -X. AT 
CHI = Q0 DEGREES, THE GONIOMETER HEAD TO CRYSTAL VECTOR PARALLELS +Y AND AT 
CHI = 0 DEGREES IT PARALLELS -7, 
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<+X) 


******* 

♦Gl’NIO* 
*HF AD * 

******* 

» 

* 

» 


CHI = 90 DEGREES 
2THETA = CA, 45 DEGREES 


*** 

I-X) 

* *** * 



* 

* 


* 


* 

X-RAY 

SOURCE 


(+Y) 



* 

DETECTOR 


PRIMARY AND SECONDARY ORIENTING REFLECTIONS (RIGHT-HAnDED SYSTEM ASSUMED) 
ARE USED TO SPECIFY THE CRYSTAL ORIENTATION (REF. 2) ON THE =ORREF= CARD. 
CRYSTAL FACE DATA MAY BE SPECIFIED IN TWO WAYS — 


<1) =FACEPT= CARDS... 

EACH FACE IS DEFINEU BY THE COORDINATES OF 3 POINTS ON THE FACE IN AN 
ARBITRARY CARTESIAN SYSTEM (IT MUST HE R IGhT-HANDED , ORTHOGONAL • AND 
NORMALIZED ) • THE , UNIT LENGTH JN THIS SYSTEM CAN BE EITHER 1.0 CM OR 
(1/S) CM WHERE S IS A SCALE FACTOR PUNCHED IN COLS. 62-71 OF THE r ABSORB^ 
CARD. IF THIS OPTION is USED, THE FACES INDICATED ON THE FIRST AND SECOND 
=FAC£PT= CARDS **MUST** CORRESPOND TO THE PRIMARY AND SECONDARY REFLECTION 
H.K.L'S ON THE =ORRtF= CARO. THESE FIRST TWO FACES NEED NOT BE REAL CRYSTAL 
FACES. BUT MAY BE FaKE FACES USED ONLY FOR CRYSTAL ORIENTATION PURPOSES 
(SEE COLS. 7-tJ OF =FACEPT= CARD) . 

(2) SFACE= CARDS... 

each crystal face is specified by the chi and phi angles required to place 

IT IN the DIFFRACTING POSITION. PLUS THE DISTANCE FROM THE CRYSTAL FACE TO An 
ARBITRARY ORIGIN INSIDE THE SPECIMEN. THIS KINO OF MEASUREMENT CAN BE 
READILY DONE ON THE FACS-I BECAUSE THE VIEWING TELESCOPE IS MOUNTED IN THE 
X.Z PLANE, THE FACES NEEO HAVfc NO RELATIONSHIP TO THE TWO ORIENTING 
REFLECTIONS ON THE =ORREF= CARD, 

=FACE= AND =FACEPT= CARDS fANNOT BE USED TOGETHER. 
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IN THE PRESENT VERSION. REFLECTION INPuT CAN BE ACHIEVED ONLY USING 
=HKL= c^RDS OR A FILE CONTAINING CARD IMAGES. the FORMAT OF THE OUTPUT 
=HKL= CARD IS EXACTLY THE SAME AS THAT INPuT EXCEPT FOR THE VALUE OF =A*= 

IN COLS 63-69. CARU IMAGE FILE INPUT IS ACHIEVED BY THE USE OF A =FILES= 

CARD AFTER THE LAST =FACE= OR =FACEPT= CARD. THE =FILES= CARO MUST HAVE 
THE CARD IMAGE FILE LOGICAL UNIT NUMBER IN COLS. 8-9 (USUALLY CONTAINS NTIN) , 
THE LAST RECORD ON I HE CARD IMAGE OUTPUT FILE SAYS =FILES= WITH THE USUAL VALUE 
OF NT IN REPLACED IN COLS. 8-9. 

♦ SORRY* » BUT THt PROGRAM WILL NOT ACCEPT AN EXISTING y-RAY SYSTEM BINARY 
DATA FILE AS INPUT. THIS FEATURE WILL BE ADDED AT SOME LATER TIME. 

THE MANNER IN WHICH THIS PROGRAM INTERFACES WITH =DATC05= AND =DATRON= 

IS ILLUSTRATED BELOW... 

(A) DATC05 - PROCESS DIFFRACTOMETER INTENSITY DATA. 

WRITE =HKL= CARD IMAGES ON FILE X. 

(B) ABSORB - ABSORP I ION CORRECTION. 

READ =hkl= CARD IMAGES FROM FILE X (A =FILES= CARD MUST BE USED 
TO TtMPORARILY nESXGNATfc FILE X . AS THE INPUT CARD 
STREAM, I.E. NTIN = FILE X). 

WRITE =HKL= CARU IMAGES CONTAINING = A*= ON FILE Y. 

(C) DA T RDN - REDUCE DATA. 

REAU SHKL= CARD IMAGES FROM FILE Y (A =FILESs CARD MUST BE USED 
TO TEMPORARILY DESIGNATE FILE Y AS THE INPUT CARD 
STREAM, I.E. NTIN = FILE Y) . 

WRITE NEW BINARY DATA FILE. 


REFERENCES 


(X) P. COPPENS, CRYSTALLOGRAPHIC COMPUTING, F.R, AHMED, EO.» 

MUNKSGAARD (COPENHAGEN), 1°70, PP, 255-270. 

(2) W.R, BUSING AND H.A, LEVY, ANGLE CALCULATIONS FOR 3- AND 4-CIRCLE X-ftAY 
AND NEUTRON DIFFRACTOMETERS, ORNL-4054, OAK RIDGE NATIONAL LABORATORY, 
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SIKUCTURE INVARIANT 5EARfH AND COSINE CALCULATION 


THIS LINK IN THE X-RAY SYSTEM WAS CODEU BY S. HALL, G. KRUGER, AND 
J. STEwART. ITS PURPOSE IS TO CARRY OUT ThE FIRST EXPANSION OF PHASES FROM THE 
ORIGIN AND ENANT IOMURPH PHASES WHICH HAVE BEEN CHOSEN AS DESCRIBED IN 

I. TANgEN and 1. SINGEN. IN ADDITION THIS PROGRAM WILL CARRy OUT ESTIMATION OF 
COSINES OF STRUCTURE INVARIANTS BY MEANS OF THE METHOD PROPOSED BY HAUPTMAN, 

IT CANNOT BE OVEREMPHASIZED THAT THIS IS PURELY AN EXPERIMENTAL LINK 
CURRENTLY UNDER INVESTIGATION. IT SOMETIMES GETS THE ANSWER DIRECTLY FROM THE 
O.U.R. AND E.D.R. BY FORWARDING A CORRECT INNER SET OF PHASES TO =T ANGENz BUT 
ALSO AT THIS WRITING (OCT. 1971) IT MAY FORWARD TO =TANGEN= AN OBFUSCATING 
INNER c;FT. IT DEPENDS UPON HO'*.' =EASY= THE SOLUTION IS. THE BEST PLAN SEEMS TO 
BE TO TAKE THE ORIGIN AND ENANT I OMORPH PHAsES CHOSEN AS DESCRIBED IN 1, TANGEN 
AND RUN =TANGEN= FIRST. IF TH»T ATTEMPT FAILS THEN MAkE A PRELIMINARY RUN 
WITH =APHASE= TO SEE IF THERE A RE ANY NUMERIC VALUES OF PHASES WHICH MAY BE 
OBTAINED BY MEANS OP FOURTH ORt'ER RELATIONSHIPS. IF THERE Are , USE THE O.O.R., 
E.D.R. AND ONLY THIb ADDITlONAI PHASE UIRECTLY INTO =TANGEN=, IF THAT FAILS 
CONSIDER THE AMBIGUITIES DETERMINED BY =APhAS£= AND PURSUE THE MULTIPLE 
SOLUTIONS WHICH THEY IMPLY. Ip THERE ARE MANY IMPLIED BRANCHES RECONSIDER THE 
CHOICE OF O.D.R. AND E.D.R. REPLECTIONS. 

THE =APHAbE= LINK PROCEEDS IN A NUMBER OF STEPS. 

1. SORTING OF THE OUTPUT OF THE =SINGEN= RELATIONSHIPS IN DECREASING 
OROER OF A (PROBABILITY- A USEPUL LIST FOR HAND OPERATIONS) 

2. OPTIONALLY CALCUl ATING THE ESTIMATED VALUE OF THE COSINE FOR 
EACH OF THE RELATIONSHIPS SELECTED, 

3. MERGING OF THE SORTED RELATIONSHIPS INTO THIRD ORDER AND FOURTH 
ORDER TYPES IN DECREASING A. THE FOURTH ORDER RELATIONSHIPS ARE FOUND BY THE 
ELIMINATION OF A CUMMON PHI BPTWEEN TWO THIRD OROER RELATIONSHIPS, 

4. SIMPLIFICATION 0*- THE UNKNOWN PHI VALUES IN TERMS OF KNOWN 
PHASES OR HIGHER E VALUED UNKNOWN PHI VALUES. 

5. TRANSFER OF ALL KNOWN PHI VALUES TO A.N OUTPUT BINARY DATA FILE FOR 
USE BY =TANGEN= 

***#**4*CAVEAT aphasor********** 


STEPS 1, AND 5 ARP SELF EXPLANATORY. 

STEP 2 

STEP 4 IS A METHOD FOR ESTABLISHING THE FEWEST POSSIBLE UNKNOWN 
PHASES WITHIN A GIVEN SUBSET OP THE HIGHEST E VALUE REFLECTIONS. 

THE OUtPUT OF THE =BINGEN= LINK AND THE SORT-MERGE PROCESS IN =APHASE= IS A 
SERIES OF EQUATIONS OF THE TYPE 
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PHI < I ) +OR- PHI ( J) +OR- PHI < K ) +OR- PHKU +OR- PHI ( SHIFT } =PSI WHERE 
I , J » K * AMO L REFER TO PHASE ^UMBERS AND THE + OR - SIGNS AND SHIFT REFER TO 
SYMMETRY CONSIDERATIONS AS GIVEN IN 1. SINgEN. DURING THIS PROCESS THE VALUE 
OF PSI IS ASSUMED TO BE ZERO SINCE ONLY THE HIGHEST A VALUE RELATIONSHIPS ARE 
UTILIZED, IF THE AVERAGING PRf'CESS WAS CARRIED OUT ANY RELATIONSHIPS WITH A 
CALCULATED PSI MUCH DIFFERENT FROM ZERO ARE ELIMINATED, THE SORT MERGE 
PROCESS HAS LEFT THt RELATIONSHIPS SORTED SO THAT THE MOST PROBABLE ONE COMES 
FIRST, THEN THE NEX I AND SO ON, 

INITIALLY* A MATRIX LARGE ENOUGH TO ACCOMMODATE THE HIGHEST PHASE 
NUMBER TO BE SOUGHT IS SET UP. THEN THE VALUES OF ANY KNOWN OR DEFINED PHASES 
ARE PLACED IN THIS MATRIX. EACH RELATIONSHIP IS READ IN TURN AND ANY KNOWN 
PHASES ALREADY POSTED IN THE MATRIX ARE SUBSTITUTED INTO THE RELATIONSHIP. 

this process eliminates the already known phi values from the relationship and 

REDUCES IT TO be IN TERMS OF THE SMALLEST PHASE NUMBERS POSSIBLE. 

ONCE THE RELATIONSHIP IS SIMPLIFIED IT IN TURN IS POSTED TO THE MATRIX SUCH 
THAT THE HIGHEST REMAINING UNKNOWN PHASE IS SIMPLIFIED AND CAN THEN BE USED TO 
SIMPLIFY OTHERS. 

BECAUSE OP THE NATURE OF THIS PROCESS A NUMBER OF RESULTS MAY ARISE 
AS EACH RELATIONSHIP IS BEING PROCESSED, 

1. THE RC.LAT I ONSH IP REDUCES TO N=N WHERE N IS SOME NUMERIC PHASE 
VALUE. IN THIS CASt THE RELATIONSHIP IS REDUNDANT AND RECONFIRMS PREVIOUS 

substitutions and simplifications. 

2. THE RELATIONSHIP REDUCES TO n=M WHERE N AND M ARE SIGNIFICANTLY 
DIFFERENT PHASE VALUES FROM ONF ANOTHER. THIS IMPLIES THAT THERE IS A 

discrepancy between the current relationship being treated and some previous 
substitutions and simplifications. 

3. THE RELATIONSHIP CAUSED THE REDUCTION TO PHI(L)=FUN( PHI’(Il), 

Ph I ( 1 THAT IS TO SAY PHI(L> IS EXPRESSED IN TERMS OF OTHER 

PHI VALUES. PHASE NUMBERS 12 TO IN ARE ALL LESS THAN L. 

4. THE RELATIONSHIP CAUSES THE REDUCTION TO PHI(L)= N/Q WHERE N 
IS A PHASE ANGLE ANU 0 IS AN INTEGER * BOTH THE ANGLE AND t HE INTEGER BEING 

the result of all previous substitutions and simplifications, this may also 

be EXPRESSED as M* < PH I ( UNKNOWN )) = PHI(KNO w N) ♦ PHKKNOWNR) . 

THAT Is to say n is the RESULT OF ADDING WITH THE CORRECT SIGN VARIOUS VALUES 
OF KNOWN PHI AND PHI (SHIFT) ANP 0 IS AN INTEGER WHICH ARISES DUE TO THE 
POSSIBLE RECOMBINATION OF A GIVEN PHI WITH ITSELF. THERE IS AN AMBIGUITY WHEN 
THE VALUE OF U IS DIFFERENT THAN 1. THIS IS BECAUSE OF THE FACT THAT PSI IS 
CONSIDERED TO BE ZERO BUT COULD JUST AS WELL BE 360* 720, ETC. SO THAT 
DIVISION BY 1 IS NO PROBLEM BUT DIVISION By 2 IMPLIES 0 OR 180. BY 3 0, 120, 

OR 240 AND SO ON, 

THUS UNDE* THIS CONDITION THE RESULT IS AN AMBIGUITY AND THE 
SOLUTION PROCESS IS HALTED. T H EN THE FIRST ENCOUNTERED VALUE IS PLACED IN 
LIST OF KNOWN PHI VALUES ANO T H E SOLUTION PROCESS IS RESTARTED, IT IS 
IMPORTANT TO RECOGNIZE THAT THERE IS NO ASSURANCE THAT ONE OF THE OTHER 
POSSIBLE VALUES IS NOT THE TRUE VALUE, 

5. THE RELATIONSHIP CAUSES A PHASE TO BE REDUCED TO PHI(L>= N/l 
WHICH IS ACCEPTED AS THE SOLVED VALUE FOR pHI(L). THIS NEW PHI ( L ) MAY THEN 
BE USED TO SIMPLIFY ALL PHI VALUES WHICH ARE AT THAT POINT KNOWN TO BE 
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DEPENDENT ON phi (L). 

6. WHEN ALL RELATIONSHIPS HAVE BEEN TREATED A SUMMARY IS PRINTED 
SHOWING ALL THE PHASES SOUGHT IN TERMS OP THE LOWEST UNKNOWNS OR AS DETERMINED 
DURING THE SIMPLIFICATION PROCEDURE. 
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GENERATION OF BONDED ATOMS 


THIS PROGRAM WAS WRITTEN BY G.J. KRUGER AND J.M. STEWART, IT 
IS DESIGNED TO PROVIDE A means TO GENERATE THE COORDINATES OF some atoms FROM 
OTHERS, FOR £X AMPLt , GIVEN THh COORDINATES OF TWO ATOMS, IT WILL 6 ENERATE 
A THIRD ATOM BETWEEN THE TWO GIVEN ATOMS Af\)D 1.02 ANGSTROMS FROM THE SECOND 
GIVEN ATOM. AS PRESENTLY SET HP# IT PROVIDES FOR THE POSSIBILITY OF EIGHT 
DIFFERENT COMMON CONFIGURATIONS. LET PI, P2, P3 BE USED TO DESIGNATE INPUT 
ATOMIC PARAMETERS AND P4» P5» P 6 # P7 FOR THE OUTPUT PARAMETERS. THE PROGRAM, 
GIVEN A SPECIFIC DISTANCE 0, AA'O IN CASE 8 THE ANGLES ALPHA ( 1 ) AND ALPHA ( 2 ) , 

then generates as follows. 


GIVEN INPUT PARAMETERS OUTPUT PARAMETERS PRODUCED 


CODE NAME 


CASE 

LINEAR 

< 1 ) 

LINEAR 

TRIGON 

( 2 ) 

TRIGONAL 

TETCHN 

(3) 

tetrahedral 


CHAIN 


PI, P 2 


CONNECTED P1-P2-P3 
WITH ANGLE OF ABOUT 
120 DEGREES. 


CONNECTED Pl-P 2 -P3 
WITH ANGLE ABOuT 109 
DEGREES, 


P4 AT DISTANCE D FROM P 2 
TOWARD Pi 

P4 AT DISTANCE D FROM P2 
WITH ANGLES P1-P2-P4 
AND P4-P2-P3 AT ABOUT 
120 DEGREES. 

P4 AND P5 AT DISTANCE D 
FROM P2 WITH ANGLES 
P 4 -P 2 -P 5 , P1-P2-P4, 
P1-P2-P5, P3-P2-P4, AND 
P3-P2-P5 ALL NEAR 109 
DEGREES, 


teterm 


(U> TETRAHEDRAL 
TERMINAL 


CONNECTED PI-P 2 -P 3 
WITH ANGLE ABOUT 109 
DEGREES. 


P6 CONNECTED TO P3 AT 
DISTANCE D IN THE SAME 
SENSE AS VECTOR P1-P2. 

P4 And Pb are GENERATED by 
TREATING P2-P3-P6 AS INPUT 
TO TETRAHEDRAL CHAIN CASE. 


SQRPLN (5) SQUARt 
PLANAR 


CONNECTED Pl-P ? -P3 
WITH ANGLE NEAR go 


P4 AND P5 AT DISTANCE D 
FROM P2 WITH ANGLES 


DEGREES. 


P1-P2-P4, P4-P2-P5, AND 
P3-P2-P5 NEAR 90 DEGREES. 


OCTHED (6) OCTAHEDRAL CONNECTED P1-P2-P3 

WITH ANGLE NEAR 9Q 


P4 AND P5 AS IN SQUARE 
PLANAR CASE, P6 AND P7 AT 


DEGREES. DISTANCE D ABOVE AND BELOW 

P2 PERPENDICULAR TO THE 
PLANE OF P1-P2-P3, 
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HEXGNL (7) HEXAGONAL 


GENRAL (8) GENERAL 


CONNECTED P1-P 2 -P3 
with ANGLE NEA r 120 
DEGREES , 


CONNECTED with angle 
P1-P2-P3 not near o or 
180 DEGREES. 


P4-PR-P6 WITH ANGLE NEAR 
120 DEGREES AND LYING IN 
PLANE OF P1-P2-P3 WITH 
Pl-Pf, AND P3-P4 AT DIS- 
TANCE D FROM ONE ANOTHER. 
THE POINTS Pi »P2»P3»P4»P5* 
AND P6 FORM A PLANAR SIX 

membered ring with inter- 
nal ANGLES OF ABOUT 120 
DEGREES, 

P4 WITH ANGLE ALPHA! 1) IN 

the plane of P 1 -P 2 -P 3 and 
alpha 1 2 ) above that plane. 

ALPHA! 1) IS THE PROJECTED 

angle P 4 -P 2 -P 3 . alpha ( 2 ) 

IS THE ELEVATION ANGLE OF 
THE P2-P4 VECTOR ABOVE THE 
P1-P2-P3 PLANE (BOTH MUST 
BE LESS THAN 180 DEGREES). 


EACH INPUT POINT IS DESIGNATED IN A =CALCAT= CARD BY AN ATOM NAME 
EITHER FROM -ATOM: l-AROS OR From THE BINARy DATA FILE. THF NAME OF EACH 
OUTPUT POINT MUST BE SUPPLIED IN THE =CALCAT= CARD. ONCE EACH =CALCAT= 

CARO Is USED, THE N«ME OF THE GENERATED ATOM IS STORED IN THE ATOM ARRAY. 
MOREOVER, THE ARRAY IS SEARCHED AND ANY ATOMS ALREADY PRESENT ARE REGENERATED. 
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BOND LENGTH AND ANGLE AND CONTACT DISTANCE PROGRAM 


THE =BONULA= PROGRAM 0*- THE X-RAY SYSTEM IS A REWRITTEN VERSION OF THE 
=BONDLA= of X-ray 6-S. IT has REEN WRITTEN BY F.A. KuNDELL in COLLABORATION 
with J.M, STEWART AND R.V. CHASTAIN. MODIFICATIONS TO ACCOMMODATE =ATRAD= 
CARDS HAVE BEEN MADL BY P.G. LENHERT. 

THE OBJECTIVES OF THE LODE ARE TO PRODUCE TWO CATEGORIES OF DISTANCES 
AND ONE OF ANGLES , 10 FIND ALL DISTANCES INCLUDING THOSE OF ATOMS RELATED BY 
SYMMETRY. AND TO ESTIMATE THE ERRORS IN THE CALCULATED QUANTITIES BASED UPON 
THE DIAGONAL ELEMENTS FROM THE LEAST SQUARES REFINEMENT. 

TWO KINDS OH DISTANCES ARE DEFINED- — 'BOND • DISTANCES AND 'CONTACT* 
DISTANCES IN TERMS OF THREE LENGTHS. THESE THREE LENGTHS ARE MINIMUM DISTANCE 
TO DEFINE A BOND. MAXIMUM DISTANCE TO DEFINE A BOND (WHICH IS THE MINIMUM 
DISTANCE TO DEFINE A CONTACT), AND MAXIMUM DISTANCE TO DEFINE A CONTACT. 

TAKING EACH ATOM OF THE ASYMMETRIC SET IN TURN, ALL OF THE INTERIOR ANGLES 
OF THE 'BONDED' ATOMS OF THE ASYMMETRIC SET ARE CALCULATED. THE ASYMMETRIC 
SET IS THAT SET OF ATOMS WHICH OFF I NE THE STRUCTURE AND ARE REQUIRED By THE 
STRUCTURE FACTOR PROGRAMS (E.G. =FC=» rORFLSr). 

THE PROGRAM IS RESTRICTIVE WITH RESPECT TO THE MAXIMUM DISTANCES WHICH 
may BE CALCULATED. IF NO SPECIFICATION IS SUPPLIED. THE THREE VALUES WILL BE 
SET TO 0.03. i.ao. and 2.50 ANGSTROMS RESPECTIVELY. IN NO CASE SHOULD THE 
DIFFERENCE IN MAXIMUM AND MINIMUM BOND OISTANCE BE SET TOO LARGE SINCE THIS 
WILL RESULT IN A HIGH NUMBER OF POSSIBLE BOND ANGLES BEING PRODUCED. BY 
SETTING THE MINIMUM EQUAL TO A NUMBER GREATER THAN ZERO ASSURES THE PROPER 
UETECTION OF ATOMS IN SPECIAL POSITIONS. ALL OF THESE RESTRICTIONS MAY BE 
OVERRIDDEN BY THE USER AS HE SFES FIT. 

IN ADO IT ION » THROUGH T*E USE OF =AtRAD= CARDS, ONE MAY SPECIFY RADII 
FOR THF VARIOUS ATOMIC SPECIES IN EACH OF THE 3 CATEGORIES DESCRIBED ABOVE. 
THUS, IF ONE HAS COPPER AND HYl’ROGEN IN THE SAME COMPOUND ONLY THE SIGNIFICANT 
CONTACT AND BOND LENGTHS WILL *E LISTED, 

THE CALCULA I ION PROCEED BY A SEKIeS OF SYMMETRY OPERATIONS ON THE 
ASYMMETRIC SET OF A I OMS . ALL CONTACT DISTANCE CALCULATIONS ARE FROM ATOMS 
OF THE ASYMMETRIC StT TO SYMMETRICALLY RELATED SETS (INCLUDING THE IDENTITY), 
DURING THE COURSE OK THIS CALCULATION ANY GENERATED ATOM WHICH HAS A BOND 

distance to a membek of the asymmetric set is saved (Excluding those generated 

BY THE IDENTITY). DISTANCES A«E PRINTED OUT SYMMETRY OPERATION By SYMMETRY 
OPERATION. EACH ATOM OF THE ASYMMETRIC UNIT IS ACTED UPON FOR EACH OF THE 
FOLLOWING OPERATIONS IN TURN. 

1. BASIC SYMMETRY OPERATIONS OF THE SPACE GROUP 

2. CENTER OF SYMMETRY (IF IT EXISTS) 

3. 8RAVAIS LATTICE TRANSLATIONS 
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4. 125 SURROUNDING UNIT CELL TRANSLATIONS. 

THUS For a SPACE group SUCH as c 2/C » 1000 GENERATIONS WILL be carried out. 

THE PRINT OUT » HOWEVER, WILL 0"'LY BE FOR THOSE OPERATIONS FOR w h 1CH CONTACT 
DISTANCES ARE ACTUALLY FOUND. FOR SPEED, AN ASYMMETRIC UNIT CENTROID IS 
ESTIMATED AMD USED 10 ELIMINATE THOSE SYMMETRY OPERATIONS WHICH HAVE NO CHANCE 
OF PRODUCING CONTACI DISTANCES TO THE ASYMMETRIC UNIT SUPPLIED. IT IS 
IMPORTANT TO NOTE THAT IF THE "SYMMETRIC SET OF ATOMS SUPPLIED IS NOT NEAR THE 
ORIGIN (I.E. MOSTLY IN THE MODi'LO ONE UNIT CELL). THE BEST RESULTS MAY NOT BE 
OBTAINED. THERE IS A WARNING MESSAGE. 

WHENEVER A BOND UISTANf'E IS DETERMINED TO EXIST. THE COORDINATES OF THE 
GENERATED ATOM ARE SAVED AND A"' INDEX OF THE SYMMETRY OPERATION WHICH PRODUCED 
IT IS APPENDED TO THE ASYMMETRIC UNIT ATOM NAME. (THIS IS PRINTED AS ZERO FOR 
ATOMS OF THE ASYMMEIKIC UNIT ITSELF.) 

FINALLY. AN ATOM BY ATOM PRINT OUT IS GENERATED GIVING ALL OF THE BOND 
DISTANCES AND INCLUDED ANGLES TO THE OTHER ATOMS IN THE STRUCTURE TO WHICH 
THEY ARE BONDED. 

THE COORDINATES AND TH*: STANDARD DEVIATION OF THE COORDINATES OF THE 
EXTENDED BONDED SET MAY BE OUTHUT ON PUNCHED CARDS IF REQUIRED. 

IN ADDITION TO THE ‘AUTOMATIC* FEATURES OF THE PROGRAM, ONE MAY USE 
CARDS TO REQUEST THt DISTANCE BETWEEN ANY TWO NAMED ATOMS OF THE ASYMMETRIC 
SET. THE ANGLE BETWEEN ANY THREE . OR THE ANGLE BETWEEN THE TwO LINES FORMED 
BY ANY FOUR ATOMS, WHICH. IN PAIRS, DEFINE THE LINES. 

THE BASIC ORIENTATION OF THE PROGRAM IS TO FINDING ‘NEAREST NEIGHBORS'. 
HOWEVER, BY JUDICIOUS USE OF Th£ MAXIMUM AnD MINIMUM BOND DISTANCE 
SPECIFICATIONS, ONE MAY INVESTIGATE ANY REGION OF NEXT OR NEXT TO NEXT NEAREST 
NEIGHBORS. 

THE PROGRAM WILL RUN FPOM THE BINARY DATA FILE OR FROM THE CARD INPUT 
STREAM as desired. 
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CRYSTALLOGRAPHIC LEAST squares 


=CRYLSO= WAS WRITTEN Bv FREDERICK a. KUNUELL AT AARHUS UNIVERSITY, 
AARHUS, DENMARK. THE WORK WAS SUPPORTED By THE DANISH IBM FORSKNINGS FOND. 
DEBUGGING WAS ACCOMPLISHED AT THE ABTEILUNG PUR RONTGENSTRUKTURFORSHUNG Am. 
MAX-PLANCK-INST1TUT FUR EIWEISS- UNO LEDERFORSCHUNG , MUNICH* GERMANY AND AT THE 
UNIVERSITY OF MARYLAND, COLLEGE. PARK, MARYLAND. 

THE SUGGESTIONS, MATERIAL, AND PROGRAMS SUPPLIED BY D. W, J. 
CRUiCKsHANK, W.R. BUSING, WALTER HAMILTON, ALLEN AND RITA HAzEL* JOHANN 
GASSMAnN, ALLEN LARSON, STUART PAWLEY, S. E. RASMUSSEN, AND JAMES M, STEWART 
WERE GREATLY APPRECIATED. 


the normal Equations 


ASSUMING THE VALIDITY OF THE NONLINEAR LEAST SQUARES PROCEDURE, 
CRYSTALLOGRAPHIC REFINEMENT cam be OBTAINED By MINIMIZING the sum of THE 
WEIGHTED SQUARES OF THE RESIDUAL, R, WHERE THE RESIDUAL IS A FUNCTION OF THE 
OBSERVED AND CALCULATED INTENSITIES. GENERALLY THIS REFINEMENT IS BASED ON F, 
F**2, OR I. 

I 

R(F) = SUM ( W (/FO/-/FC/)**? (1) 

R < F**2 ) = SUM(W(/FO/**2-/HC/**2)**2 (2) 

R ( I ) = SUM(W(/10/-/IC/)**2 ( 3 ) 

SINCE CRYSTALLOGRAPHIC REF I.NEMFNT IS MOST COMMONLY BASED ON F, EQUATION ( 1 ) 

WILL BE USED FOR THc. DER I VAT 10*' OF THE NORMAL EQUATIONS. THE DERIVATIONS BASED 

on equations <2) anu <3) ARt amalogous. 

LET FC ( Pi , PH , « « . * PN ) REPRESENT THE MODEL TO WHICH WE ARE GOING TO 
COMPARE OUR EXPERIMtNTAL OHSERwAT I ONS , IN THIS CASE /FO/, THE Pi ARE THE 

PARAMETERS WHOSE VALUES ARE TO 8E DETERMINED, FOR R(F) TO BE A MINIMUM, wE 
MUST HAVE 


( OR (F ) ) /DP ( J ) ) = 2*SUMJ (W(/FO/-/FC/)*( <D/FC/)/(DP(J) ) ) = 0 

HOWEVEP, SINCE /FC/ IS NOT A LINEAR FUNCTION, THE LINEAR LEAST SQUARES 
PROCEDURE IS NOT APPLICABLE. THIS DIFFICULTY CAN BE PARTIALLY ALLEVIATED BY 
EXPANDING (/FO/-FC/J AS A FUNCTION OF ITS PARAMETERS VIA A TAYLOR SERIES 
EXPANSION. LETTING DEL ( I ) = U»/FC < P ( I ) ) ) / ( DP J I ) ) , WE HAVE 


( /FO/-/FC/ ) = l /FO/-/FC ( P ) / ) + SUMI ( (q( I)-P(I ) >*DEL(I) ) + H (5) 


WHERE q ( I ) IS THE TRUE VALUE OF 
IS THE INITIAL APPROXIMATION OF 

TERMS OF THE EXPANSION. IF ALL 
OF (Q(I)-P(I)), A TKUE VALUE OF 


P(I) ACCORDING TO THE LEAST SQUARES NORM, P(I) 
THE PARAMETER, AND H REPRESENTS THE HIGHER 
THE HIGHER TERMS WERE USED IN THE EVALUATION 
THE PARAMETERS, ACCORDING TO THE LEAST SQUARES 
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NORM, EQUATION (4), COULD BE OHTAINED. 

on) = (ain-ptii) ♦ pc> (6) 

HOWEVER, THIS IS NO I GENERALLY FEASIBLE , IN THE NONLINEAR LEAST SQUARES 
PROCEDURE, THE HlGHfcR ORDER TE'-’MS ARE SET EQUAL TO ZERO. CONSEQUENTLY, THE 
PARAMETER SHIFTS IQ(I)-PtI)t WILL NOT HE THE TRUE SHIFTS, ACCORDING TO THE 
LEAST SQUARES NORM. HOWEVER* IF P ( I ) IS CLOSE TO Q(I), THE HIGHER TERMS WILL 
BE SMALL IN COMPARISON WITH THF SUMMATION IN EQUATION (5) 

LIM H = 0 AS P ( I ) APPROACHES Q(I) (7) 

AND THE SHIFTS, LET US CALL THEM E(I), WILL BE APPROXIMATELY CORRECT. THEN 

(/FO/-/FC/) = t/FO/-/FC(P)/> - 5UMI (E ( I ) *DEL ( I ) ) (8) 

THE NORMAL EQUATIONS ARE OBTAINED BY SUBSTITUTING EQUATION <8> INTO (4) 

SUMHKL! (/FO/-/EC IP)/) - SUMI (E (I) *DEL( I )) * (OEU J> = 0 19) 


THUS 

SUMI ( SUMHKL ( W*UEL ( I ) *DEL < U ) ) *£ (I > = SyMHKL ( W* ( ( /FO/-/FC ( P ) / ) *DEL ( J) (10) 

THERE ARE N OF THESE EQUATIONS FOR J=1,2,...,N FOR THE DETERMINATION OF N 
UNKNOWNS. IF WE LEI 

AU.J) = SUMHKL(W*DELU)*i'EL(J) til) 

AND 

B ( J 1 r SUMHKL <w*(/FO/-/FC(P)/)*DEL(U> (12) 

THEN 

SUMI (A(I,J)*£U) = B(J) (13) 

OR, IN TENSOR NOTATION, 

Ae = B (14) 

THE SHIFTS, I.E.* THE VECTOR E(I), CAN BE CALCULATED BY INVERTING A(I,J> AND 
MULTIPLYING THE INVtKTED A(I,J) MATRIX BY THE VECTOR B(J). 

E = <1/A)B (15) 

IT WAS STATED ABOVE THAT THE SHIFTS E(I) ApE APPROXIMATELY EQUAL TO THE TRUE 
LEAST SQUARES SHIFT IF THE P(I> ARE SUFFICIENTLY CLOSE TO THE Q<I) FOR THE 
HIGHER ORDER TERMS 10 BE SMALL IN COMPARISON TO THE SUMMATION IN EQUATION (5). 

LIM E(I) = (Q(l)-P(I)) = " AS P ( I )' APPROACHES 0(1) (16) 

however, IN the JNIIIAL PHASE rF THE LEAST SQUARES REFINEMENT, P ( I ) IS NOT 
EQUAL TO 0(1) ANU THE CALCULATED SHIFTS ARf NOT THOSE REQUIRED TO SATISFY 
THE LEAST SQUARES NORM. NEVERTHELESS, IF T«E P ( I ) ARE SUFFICIENTLY CLOSE TO 
THE 0(1), THE SHIFT CAN BE USEu TO CORRECT THE INITIAL APPROXIMATIONS. 
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P C I > NEW s E 1 1 > + P(I) OU> (17) 

THE NEW SET OF PARAMETERS CAN NOW BE USED -fO CALCULATE ANOTHER SET WHICH IS 
tvEN CLOSER TO THE U(S), THIS PROCESS CAN BE CONTINUED UNTIL THE E < I ) ARE 
SUFFICIENTLY SMALL 10 BE NEGLECTED. . 


BASIC LEAST SQUARES ALGORITHM 


STEP OPERA I ION 


1 . READ I HE INITIAL PARAMETERS aNO OTHER NECESSARY INFORMATION 

READ A REFLECTION AND CALCULATE FC AND ITS DERIVATIVES 
3 CONTRIBUTE THE DERIVATIVES AnD {/FO/-/FC/) TO THE MATRIX ANd 

VECTOR 

u IF ALL REFLECTIONS HAVE NOT BEEN READ GO TO STEP 2* OTHERWISE 

60 TO STEP 5 

5 INVER I THE MATRI v 

b CALCULATE THE SHIFTS BY MULTIPLYING THE INVERTED MATRIX BY THE 

VECTOR. 

7 ADD THE SHIFTS To THE PARAMETERS 

0 IF MORE CYCLES ARE DESIRED, GO TO STEP 2 AFTER POSITIONING TO THE 

BEGINNING OF THE REFLECTION FILE, OTHERWISE TERMINATE THE JOB 


=CRYLSC= 


BUSING AND LEVY * S =ORFLS= IS PROBABLY THE BEST KNOWN AND MOST WIIcLY 
USED CPYSTALLOGRAPH1C LEAST SQUARES PROGRAM IN EXISTENCE AT THIS TIME. IT 
IS FAIRLY STRAIGHTFORWARD FORTRAN CODING OF THE PREVIOUS ALGORITHM, ITS 
ACCEPTANCE IS DUE BOTH TO THE SIMPLICITY OF THE CODE AND THE PATCH ROUTINE 
WHICH ALLOWS THE UStN TO ALTER THE REFINEMENT IN ACCORDANCE WITH HIS PARTICULAR 
PROBLEM, HOWEVER, I HE USEFULNESS OF =ORFLS= IS SOMEWHAT IMPAIRED WHEN IT IS 
INCORPORATED INTO A CRYSTALLOGRAPHIC SYSTEM OF PROGRAMS. THE MAIN DIFFICULTY 
IS THAT THE USER CAN NO LONGER CONVENIENTLY ALTER THE CODF IN ACCORDANCE WITH 
HIS PARTICULAR PROBLEM, IT IS NO LONGER A MATTER OF CHANSING A FEW CARDS OR 
SUBROUTINES. THE USER MUST ALSO REPRODUCE THE ENTIRE SYSTEM, THIS 
INCONVENIENCE IS AN ANNOYANCE TO USERS OF CRYSTALLOGRAPHIC SYSTEMS LIKE THE 
X-RAY SYSTEM, 

ANOTHER DRAWBACK TO =0*FLS= IS THE INEFFICIENT AlioCATION OF STORAGE, 
EVERY ARRAY IS ASSIGNED A SPECIFIC SECTION OF CORE OF PREDETERMINED SIZE. 

WHILE THIS GREATLY SIMPLIFIES THE FORTRAN CODE, IT IS NOT GENERALLY THE MOST 
EFFICIENT METHOD OF STORAGE ALLOCATION, A 5 LONG AS THE NUMBER OF VARIABLES IS 
SMALL, NO PROBLEMS «RE ENCOUNTERED, HOWEVER, THIS IS NOT TRUE WHEN LARGE 

numbers of variables are refined, the preassignment of storage also precludes 

(OR AT LEAST COMPLICATES) THE USE OF THE SAME STORAGE ARRAYS FOR SEVERAL 
DIFFERENT QUANTITIES WHICH ARE USED AT DIFFERENT TIMES. FURTHERMORE, IF A 
SPECIAL TYPE OF REFINEMENT IS TO BE INCLUDED, SUCH AS GROUP REFINEMENT, ARRAYS 
MUST Be SHORTENED TO ALLOW FOR NEW CODE AND ARRAYS. THUS A PROGRAM WHICH HAS 
BEEN ENLARGED TO INLLUUE GROUP REFINEMENT CAN NOT REFINE AS MANY VARIABLES AS 
ONE WHICH HAS NOT, LVEN IF 6 R 0 "P REFINEMENT IS NOT DESIRED IN THE PARTICULAR 
PROBLEM. SINCE GROUP REFINEMENT, EXTINCTION, AND OISPERSION REFINEMENT ARE 
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DESIRED IN A GENERAL CRYSTALLOGRAPHIC LEAST SQUARES PROGRAM. FIXED ARRAY SIZES 
ARE A SEVERE LIMITAIION. 

THE INCREASING USE OF CRYSTALLOGRApHIC SYSTEMS AND THE GREATER 
COMPLEXITY OF THE MODEL TO BE FITTED HAVE lED TO THE DEVELOPEMENT OF =CRYlSQ=. 


FACILITIES NEEDED IN A SYSTEM I EAST SQUARES PROGRAM 


1 . VARIABLE ARRAY LENGTHS (MAXIMUM USE OF AVAILABLE IMMEDIATE 
ACCESS MACHINE STORAGE) 

2. CORRECT HANDLING AND REFINEMENT OF DISPERSION 

3 . REFINEMENT OF EXTINCTION 

4 . FREE BLOCKING FROM FULL MATRIX DOWN TO BLOCK-DIAGONAL LEAST 
SQUARES REFINEMENT WITHIN STORAGE LIMITATION 

5 . CONSTRAINED REFINEMENT WITHOUT A PATCH ROUTINE 

6 . AUTOMATIC OR EASY SPECIAL POSITION REFINEMENT WITHOUT A PATCH 
ROUTINE 


7 , * GROUP ' AND 'IDENTICAL MOLECuLE' REFINEMENT WITHOUT A PATCH 

ROUTINE. VERY LITTLE. IF ANY. LOSS OF EITHER SPEED OR STORAGE 
. WHEN NOT INCLUDED IN PARTICULAR REFINEMENT 

fl. ALL FACILITIES PRESENT IN THE X-RAY 67 VERSION OF =0RFLS=. 


IMMEDIATE ACCESS STORAGE 


TO OBTAIN THE MAXIMUM USE OF AVAILABLE STORAGE, ALL ARRAYS WHICH MAY 
HAVE VARIABLE LENGTH. ALONG WITH ALL SCRATCH ARRAYS. ARE COMBINED INTO A 
SINGLE FORTRAN ARRAY, THIS ARRAY IS GIVEN THE NAME A AND IS EOUI VALENCED TO 
THE INTEGER VARIABLE IA. THIS ARRAY WILL BE SUBSEQUENTLY REFERRED TO AS THE 
A— I A ApRAY. INFORMATION IS PACKED INTO THIS ARRAY AND RETRIEVEO FROM IT BY 
THE USE OF POINTERS AND STEPPING CONSTANTS, THE LOGICAL SETS OF INFORMATION, 
WHICH WE CAN REFER 10 AS SUB-AWRAYS, ARE PACKED IN SUCH A wAy AS TO 
MAXIMIZE THE USE OF CORE. 

THE A-IA ARRAY IS DIVIDED INTO TWO SECTIONS. THE FIRST SECTION Is 
REFERRED TO AS THE ' PERMANENT * SECTION AND CONTAINS INFORMATION WHICH IS NEEDED 
THROUGHOUT THE REFINEMENT (E.G, ATOM PARAMETER INFORMATION, REFINEMENT FLAGS), 
THE SECOND SECTION IS REFERRED TO AS THE 'TEMPORARY' SECTION. THIS 
SECTION IS DIVIDED INTO SuB-ARWAYS BY THE MARK POINTERS (MARK!, MARK 2 , 

ETC.). IN LINKS 2, 3, AND 4, they ARE SET ACCORDING TO THE CONDITIONS OF THE 
REFINEMENT. ALLOCAIION OF THE SECOND SECTION OF THE A-IA ARRAy IS AS FOLLOWS - 

LINK 1 ( AND 2 ) 


FUNCTION - DATA INPUT 


PRELIMINARY calculation 


i.crylsq- 
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MARK I . 

ATOM NAMtS FROM 
SELECT CARDS 

atom special position multiplying factors 

MARK2 

CONSTRAINTS 

SCRATCH FOR 
REQUIREMENTS 

THE CALCULATION OF STORAGE 

MARKS 

RELEASES 

nontrivial constraints 

MARK4 

GROUP AND IOMOL 

INFORMATION 


LINKS (2), 

3, AND 4 



function - 

MATRIX BUILDING 

INVERSION 

SHIFT ADDITION 

MARK5 

DERIVATIVE OF 8 

SHIFTS AND ERRORS 

MARK4 

DERIVATIVE OF A 

SAME 


MARK3 

DERIVATIVE OF F 

SCRATCH FOR MATRIX 
INVERSION 

OLD PARAMETER VALUES 

MARK2 

MATRIX 

MATRIX 

MATRIX 

marki 

VECT.OR 

VECTOR 

VECTOR , 

THE KEy (REFINEMENT FLAGS) 




IN =OHFLS= ALU DERIVATIVES WERE CA| CULATED AND THEN TRANSFERRED TO THE 
DERIVATIVE ARRAY IN ACCORDANCE WITH THE REFINEMENT FLAGS (THE Kl ARRAY). 

IF the REFINEMENT FLAG for A PARTICULAR PARAMETER WAS ONE, THE PARAMETER v"AS 
VARIED. IF IT WAS ZERO, THE PARAMETER WAS HELD INVARIANT. THIS PROCEDURE 
IS RELATIVELY TIME CONSUMING AA'Q REQUIRES A SIGNIFICANT AMOUNT OF CORE STORAGE. 

IN =CRYLSQ=* THE REFINEMENT FLAGS HAVE BEEN REPLACED By A SET OF 
INTEGEoS WHICH ARE CALLED THE 'KEY*. THIS KEY NOT ONLY DETERMINES WHICH 
DERIVATIVES ARE TO t>E CALCULATED AND USED, BUT ALSO CONTROLS THE ENTIRE 
REFINEMENT PROCESS, THE VALUE OF A KEY INtEGER DIRECTS THE OPERATION TO BE 

performed. 
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KEY ASSIGNMENTS 


1. GET THE NEAT ATOM 

2. GET THE NEAT ATOM AND BLOCK 

3. SUBTRACT ONE FROM VARIABLE COUNTER 

4. GET THE NEAT MULTIPLICATION FACTOR 


5. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

X 

6. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

Y 

7. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

Z 

a. 

CALCULATE 

I HE 

DERIVATIVE 

WRT 

POPULATION parameter 

9. 

' CALCULATE 

t HE 

DERIVATIVE 

WRT 

scattering factor 

10. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

HEAL DISPERSION FACTOR 

n. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

IMAGINARY DISPERSION FACTOR 

12. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

U 

13. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

Ull 

14. 

calculate 

1 HE 

DERIVATIVE 

WRT 

U22 

15. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

U33 

16. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

U12 

17. 

CALCULATE 

t HE 

DERIVATIVE 

WRT 

U13 

18. 

CALCULATE 

1 HE 

DERIVATIVE 

WRT 

U23 

19. 

START IDEN 

IICAL MOLECULE 



20. 

BEGINNING 

OF A 

GROUP 



21. 

END OF KEY 

• 





THIS PROCEDURE SAVES STORAGE IN TH&T ONLY THE DESIRED DERIVATIVES 
ARE CALCULATED AND ALSO THERE IS NO NEED FoR THE INTERMEDIATE DERIVATIVE ARRAY. 
HOWEVER, ITS MAIN PUWER LIES In THE FACT THAT THE SPECIAL POSITION DERIVATIVES* 
GROUP DERIVATIVES, AND IDENTICAL MOLECULE DERIVATIVES, CAN BE CONVENIENTLY 
CONSTRUCTED. 


P 
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CONSTRAINTS 


A CONSTRAIN! IS A RESTRICTION ON RfFINEMENT INTRODUCED By A =REF=, 
=NOREF=, =CONSTR=» UR =SPECIAs CARD. THERE ARE TWO TYPES OF CONSTRAINTS. A 
TRIVIAL CONSTRAINT' IS ONE WHICH CAN BE INCORPORATED INTO THE KEY. WHEREAS A 
NONTRIVIAL CONSTRAINT CANNOT, 

CONSTRAINTS. EITHER FROM THE BINARY DATA FILE OR FROM CARD INPUT. 

ARE INITIALLY STOREU IN THE MARK2 SUB-ARRAy. THEY ARE IN THE FORM — 

WORD INFORMATION 


1 FIRST PART OF SUBJECT AToM NAME 

2 SECOND PART of SUBJECT ATOM NAME 

3 TYPE OF CONSTRAINT {AN INTEGER) 

4 FIRST PART OF REFERENCE ATOM NAME 

5 StCOND PART OF REFERENCE ATOM NAME 

6 PARAMETER NUMBER OF SUBJECT ATOM (PI) 

7 FACTOR BY WHICH THE REFERENCE PARAMETER MUST 
Bt MULTIPLIED (F) 

8 PARAMETER NUMBER OF REFERENCE ATOM (P2) 

9 FACTOR TO WHICH P2 * F IS TO BE ADDED (S) 

10 MULTIPLICITY. 

’SUBJECT ATOM’ REFERS TO THE ATOM WHICH IS TO BE CONSTRAINED AND 'REFERENCE 
ATOM* REFERS TO THE ATOM FROM WHICH THE CONSTRAINT IS BEING DERIVED. THE NON- 
TRIVIAL CONSTRAINT IS APPLIED AS — 

PI = F * P2 ♦ S (18) 

A =RELEAS= LARO IS ALSO AVAILABLE. THE =RELEAS= CARD RELEASES ALL 
CONSTRAINTS OF THE SUBJECT ATO M WHICH WERE READ FROM THE BINARY DATA FILE, 

DURING THE KEY BUILDING OPERATION, THE CONSTRAINTS ARE CHECKED AND 
ALL TRIVIAL CONSTRAINTS ARE INCORPORATED In THE KEY. THE NONTRIVIAL 
CONSTRAINTS ARE THEN TRANSFERRED TO THE MArK3 SUB-ARRAY In THE FORM — 

WORD INFORMATION 


1 


2 


ADDRESS OF S"BJECT PARAMETER 
MULTIPLICATION FACTOR (F) 
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3 CONSTANT IS) 

4 AND 5 NAME OF REFERENCE ATOM 

6 PARAMETER NUMBER of reference parameter 

the CONSTRAINT is THEN TRANSFERRED to the permanent section OF the 
a-ia array in the form — 

WORD information 

1 ADDRESS OF SUBJECT PARAMETER 

2 MULTIPLICATION FACTOR (F) 

3 CONSTANT (S) 

4 AUURESS OF REFERENCE PARAMETER 

THE NONTRIVIAL CONSTRAINT IS APPLIED IN LINK 4 AFTER THE SHIFTS HAVE 

been applied. 

SPECIAL POSITION REFINEMENT 


AN ATOM IN a SPECIAL POSITION AOUS SEVERAL COMPLICATIONS TO THE LEAST 
SQUARES REFINEMENT, the CONSTRAINTS IMPOSeO ON an atom IN a SPECIAL 
POSITION FALL INTO IHREE CATEGORIES — 

1. DO NOT REFINE A CERTAIN PARAMETER 

2. CONSTRAIN PARAMETER A TO BE A FUNCTION OF PARAMETER B 

3. A SPECIAL POSITIONAL DERIVATIVE IS TO BE CONSIDERED, 

CONDITION 1 FALLS INTO THE CATEGORY OF A TRIVIAL CONSTRAINT AND IS 
INCORPORATED INTO THE KEY. CONDITION 2 REQUIRES A NONTRIVIAL CONSTRAINT AND IS 

treated as Such, however, condition 3 presents a new situation. 

CONSIDER THt SPECIAL POSITION (X.X.2X). IN THIS CASE THE DERIVATIVE 
WHICH IS NEEOED FOR THE REFINEMENT IS — 

OF OF UF OF 

— = — + — +2 — 119) 

DA DX UY DZ 

WHERE D IS THE SIGN FOR THE PARTIAL DERIVATIVE. 

THIS CONDITION IS INCORPORATED INTO THE KEY. THE KEY SEGMENT WHICH 
WOULD CALCULATE THIS DERIVATIVE WOULD PE — 


1. 5. 3. 4 » 6 » 3. 4 » 7 
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WHERE THE FACTORS 1.0 AND 2.0 v'OULO 8£ STORED IN THE FACTOR SUB-ARRAY. 

THE REFINED VARIABLE WOULD BE CONSIDERED TO BE X WHEN T H E SHIFTS ARE 
ADDED f AND THE Y AND Z PARAMETERS WOULD BE CONSTRAINED TO HAVE A VALUE OF X AND 
2X RESPECTIVELY. 


BLOCKING 


A =BLOCK= CARD CAUSES 1 HE (NEW ATOM) KEY TO BE CHANGED FROM A *1* TO A 
*2* FOP THE DESIGNATED ATOM, THIS IN TURN CAUSES A BLOCKED MATRIX TO BE 
CONSTRUCTED. THE MAJOR CHANGE OCCURS DURING INVERSION. THE MATRIX INVERTER 
REQUIRES N + 1 SCR A I CH LOCATIONS BEFORE THE FIRST MATRIX ELEMENT WHERE N IS 
THE NUMBER OF VARIABLES BEING TREATED IN THE BLOCK BE I N6 INVERTED. THIS IS 
THE MArK 3 SUB-ARRAY WHEN A FULL MATRIX REFINEMENT IS BEING MADE. HOWEVER, 

in a blocked refinement, the first matrix must be shifted to allow for the 

N + 1 SCRATCH LOCATIONS REQUIRED IN THE INVERSION PROCESS. THESE ARE PLACED 
AHEAD cF THE SECOND MATRIX. ET SEQ. CONSEQUENTLY, WHEN A BLOCKED SET OF 
MATRICES IS BEING INVERTED » THR FIRST IS INVERTED IN THE NORMAL WAY. IT IS 
THEN SHIFTED M SPACtS UP INTO THE MARK3 SUB-ARRAY, WHERE M IS ONE LARGER THAN 
THE NUMBER OF VARIABLES IN THE LARGEST MATRIX BEING INVERTED. THE N + 1 
SPACES PRECEDING THt SECOND MATRIX ARE ZERoED AND THE SECOND MATRIX INVERTED. 
THE SECOND MATRIX IS THEN SHIP 1 ED UP M LOCATIONS. AND SO ON. UNTIL ALL THE 
MATRICES HAVE BEEN INVERTED AN" SHIFTED, AT THAT TIME. ALL THE MATRICES ARE 
SHIFTED M LOCATIONS DOWN TO THEIR ORIGINAL POSITION. 


SCALE FACTOR REFINEMENT 


IN * THE EQUATIONS OF STRUCTURE REFINEMENT*, D.W.J. CruiCKSHANK POINTS 
OUT THAT BY DEFINITION, F(OOO) IS EQUAL. TO THE NUMBER OF ELECTRONS IN THE UNIT 
CELL, CONSEQUENTLY, IT IS MORE NATURAL TO ADJUST THE F RELATIVE SCALE FACTOR, 
WHICH W ILL FORCE F(UOO) TO ITS DEFINED VALyE, THAN TO SCALE THE CALCULATED 
STRUCTURE FACTORS. HOWEVER. 0"RING A CYCLE OF LEAST SQUARES REFINEMENT, NO 
ADJUSTMENT To THE F RELATIVE SCALE FACTOR IS ALLOWED, FOR THIS REASON, THE 
APPROPRIATE INVERSE SCALE FACTOR MUST BE DETERMINED FOR /FC/. AFTER THE LEAST 
SQUAREc; CYCLE HAS BEEN COMPLETED. THE CALCULATED STRUCTURE FACTORS MAY BE 
FREED FROM THE CALCULATED SCALF FACTOR AND THE F RELATIVE VALUES PUT ON THE 
UESIRED SCALE. 

WHEN MORE T«AN ONE SCALE FACTOR IS BEING CONSIDERED, rCRYLSQ= ALLOWS 
FOR TWO MOOES OF SCALE REFINEMENT. IN THE FIRST. EACH SCALE FACTOR IS REFINED 
SEPARATELY IN ACCORUANCE WITH THE LEAST SQUARES NORM. THE SECOND MODE OF 
REFINEMENT TREATS ALL SCALE FACTORS AS A SINGLE VARIABLE. THE RESULTANT 
CORRECTION IS THEN APPLIED TO ALL, 

DURING A BLOCKED REFINEMENT. THE OVERALL TEMPERATURE FACTOR IS REFINED 
IN THE SAME BLOCK AS THE SCALE FACTORS. 
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EXTINCTION COEFFICIENT 


THE EXTINCTION COEFFICIENT USED IN THE XRAY SYSTEM IS AN ISOTROPIC 
CORRECTION THAT FOLLOWS THE METHOD OF A.C. LARSON. THE SYMBOL 6 IS USED TO 
REPRESENT THIS QUANIITY. IT MAY BE ESTABLISHED BY USE OF THE LINK =CRYLSQ= 
AND REFINED AS A LEAST-SQUARES PARAMETER, ITS VALUE IS ESTABLISHED BY USE 
OF THE EQUATIONS ANU QUANTITIES DESCRIBED BELOW. SOME OF THESE QUANTITIES 
ARE CALCULATED AT DATRUN TIME AND STORED In THE BINARY DATA FILE. THE USE 
OF THIS CORRECTION SHOULD BE LIMITED TO THE FINAL STAGES OF REFINEMENT, IT 
WILL TEND TO BE ILL BEHAVED IF THERE IS HIGH RANDOM ERROR IN THE DATA. IT 
IS HIGHLY CORRELATED TO THE TEMPERATURE FACTOR AND ESPECIALLY TO THE SCALE 
FACTOR. 


LET FCE BE RC CORRECTED FOR sEXT INCT I ON . K BE THE FC SCALE FACTOR > 
G BE THE EXTINCTION COEFFICIENT, AND DELT BE A QUANTITY THAT DEPENDS UPON 
THE PHYSICAL CONSTANTS OF THE CRYSTAL AND GEOMETRY OF THE REFLECTING 
CONDITION. . 

THEN... 

FCE = K*(«BS(FC) ) * ( (1,0 + 2 , 0*G*DELT * ( FC**2 > ) ** { -1/4 ) ) 

DELT IS OBTAINED FROM a KNOWLEDGE oF PHYSICAL AND DIFFRACTION 
PARAMETERS. 


OELT - i (K0**2> *<AMBnA**3>*L*P2*T0AR)/( (V**2)*Pl*SlN(2THETA) ) 

PN = i + t COS (TWO THf-TA) )**(N) 

RO IS THE CLASSICAL RADIUS OF AN ELECTRON, V IS THE VOLUME OF THE 
UNIT CFLL, 2THETA IS JUST THAT, AND TBAR I S THE AVERAGE PATH LENGTH THROUGH 
THE CRYSTAL. 

TBAR IS SET TO 3E 0.03 CM IF THE LINEAR A8SORPT ION COEFFICIENT 
IS NOT SUPPLIED IN I HE =CONUIT= CARD. WHEN HOWEVER THE VALUE OF UMU (MU IS 
THE LINEAR ABSORPTION COEFFICIENT IN CM -I) IS GIVEN IN THE =CONDIT= CARD 
AND THE REFLECTION VALUE OF THE ABSORPTION COEFFICIENT IS GIVEN IN EACH 
=HKL= CARD, THEN... 

TBAR = (ALOO(ABSORP) l/DMU) + O.COOol 

ABSORP IS THE RECIPROCAL OF THE TRANSMISSION COEFFICIENT FOR THE GIVEN 
REFLECTION. ALOG IS THE FORTRAN NATURAL LOG FUNCTION. 

THE CLASSICAL RADIUS OH AN ELECTRON { E**2 ) / ( M* { C**? ) ) IS 
2.8175i*10EXP-13 CM. THIS VAU'E SQUARED Is 7 ,9384*10ExP-?6 CM, SQUARED. 
WHEN THE FACTOR OF I WO IS INCORPORATED FROM THE EQUATION SHOWN ABOVE, A 
CONSTANT 158, 768*104 XP -27 CM. SQUARED IS OBTAINED. THE VALUE THAT CONVERTS 
(AMBA**3)/(V**2) FROM RECIPROCAL ANGSTROMS CUBED TO RECIPROCAL CM. CUBED 
IS 10ExP+24. THIS GIVES A CONSTANT OF 1 58 . 768* 1 OEXP-3 . IN =DATRDN= THE 
FACTOR OF 1 OEXP-3 IB LEFT OUT THUS SCALING ALL G VALUES By A FACTOR OF TEN 
TO THE THIRD. THE OTHER POSSIBLE ARBITRARY FACTOR IS THE VALUE OF TBAR. 

IT IS SET TO 0.030 CM WHEN NO OTHER INRORMaTION IS SUPPLIED. THE VALUES OF 
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G SHOWN ON THE CRYLSQ OUTPUT ApE MULTIPLIED BY 10**3. IN ADDITION* IF NO 

absorption correction information is supplied, the crystal is assumed to 

have an AVERAGE TRANSMISSION Path LENGTH (TBAR) OF 0.03 CM. THIS GIVES 
rise TO AN ARBITRARY SCALING OF G. FOR CRYSTALS WITH HIGH EXTINCTION, 

CORRECTED FOR ABSORPTION, THE VALUE OF G WILL BE IN THE RANGE OF 10**-2 TO 
10**-4. THIS MEANS THAT CRYLSQ WILL SHOW NUMBERS AROUND 1.0 FOR EXT (G). 

IN CASES OF LARGE EXTINCTION PROBLEMS, IT WILL BE LARGER. 

REFER TO — 

( 1 ) LARSON - ACTA CKYST , < 1967 ) . 23 , 664 

(2> COPPENS AND HAMILTON - ACTA CR YST . ( 1970 ) . A26,7l 

<3> ZACHARIASEN - ACTA CRYST . ( 1967) .23, 55a 

(4) Larson - computing summer school, Ottawa 1969 


initial refinement 


DURING the initial stages of REFINEMENT, it IS not ALWAYS necessary 
TO USE ALL REFLECTIONS. FOR T«IS REASON THERE SEVERAL PROCEDURES AVAILABLE 
FOR LIMITING THE number OF REFLECTIONS CONSIDERED in the LEAST SQUARES 
REFINEMENT. 

1. A SIN(THtTA) /LAMBDA RANGE MAY BE DEFINED. ONLY THOSE REFLECTIONS 
WHOSE SIN<THETA)/LA"80A IS WlTHlN THIS RANGE WILL BE CONSIDERED. 

THE SIN( IHETA)/LAMBMA RANGE IS SUPPLIED VIA A rMAxHKL= CARD. IF 
THE =MAXHKL= CARD IS SUPPLIED IN THE =CRYLSQ= DECK, IT WILL APPLY 
ONLY TO I HE LEAST SQUARES REFINEMENT. THE NEW VALUES WILL NOT 
SuPERSEDt THOSE PRESENT IN THE BINARY DATA FILE. 

2. A MAXIMUM H, K, AND L MAY BE ASSIGNED. THOSE REFLECTIONS WITH AN 
ABSOLUTE H, K, OR L GREATER THAN THE SPECIFIED MAXIMUM WILL NOT 

BE CONSIUERED. THE MAXIMUM H, K, AND L ARE SPECIFIED ON A =MAXHKL= 
CARD (SEE l.GENERL) , 

3. REFLECTIONS MAY BE SYSTEMATICALLY SKIPPED, FOR EXAMPLE, ONE MAY 
WISH TO CONSIDER ONLY EVERY THIrO REFLECTION. IF THIS PROCEDURE 
IS USED. THE FIRST “EFLECTION CONSIDERED WILL HAVE THE SEQUENCE 
NUMBER EQUAL TO THE CYCLE NUMBER, IF ONLY EVERY THIRD REFLECTION 
IS TO BE CONSIDERED, ON CYCLE OnE THE FIRST REFLECTION IN THE LIST 
IS THE FIRST REFLECTION TO CONTRIBUTE TO THE LEAST SQUARES MATRIX 
AND THE VECTOR. IN THE SECOND AND THIRD CYCLES, THE FIRST 
REFLECTION TO CONTRIBUTE WILL BE THE SECOND AND THIRD REFLECTION 
RESPECTIVELY. 


WEIGHTS DURIN6 REFINEMENT 


THE WEIGHT (O BE APPLIED QURING REFINEMENT MAY BE SPECIFIED IN 
FOUR DIFFERENT WAYS AS A USER OPTION, THE QUANTITY WHICH IS CALLED THE 
WEIGHT AND IS STORED IN THE REFLECTION RECORD IS DEFINED IN l.QATRDN AND 
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DESCRIBED IN SOME OtTAIL IN 1.WTLSSQ. THE FOUR QUANTITIES WHICH MAY BE 
USEO AT =CRYLSQ= TIME FOR THE SQUARE ROOT 0 P THE WEIGHT MAY BE DESCRIBED 
AS FOLLOWS — 

OPTION 

0. ALL WEIGHTS USED AS 1.0 (UNIT WEIGHTS) 

1. WEIGHTS AHE ACCEPTS" AS SUPPLIED IN THE BINARY DATA FILE AND 
ARE USED AS F-RELATIVE WEIGHTS. 


2. WEIGHTS ARE ACCEPTE" AS SUPPLIED IN THE BINARY DATA FILE AND 
USED AS H-OBSERVEU WEIGHTS. 

5. WEIGHTS ARE SET EQUAL TO THE RECIPROCAL OF Sl&MA 1 OBSERVED AnD 
USED AS I -OBSERVED WEIGHTS. 

DEPENDING UPON THE METHOD THE USER HAS EMPLOYED TO ESTABLISH HIS WEIGHTS 
HE MUST SELECT THE APPROPRIATE OPTION, 


MATRIX SINGULARITY and DEGENERACY 


PRIOR TO INVERSION, THE MATRIX IS EXAMINED FOR SINGULARITY AND 
DEGENERACY. THE CRITERIA INVOKED ARE — 

1. THE DIAGONAL ELEMENTS MUST BE GREATER THAN ZERO 


2 . 


THE. MATRIX MUST BE POSITIVE DEFINITE (I.E., 

(A(I,I)*»(J,J) “ A(J,d)*A( I, J) J MUST BE GREATER THAN ZERO). 


WHEN SINGULARITY OR OEGENER ACY IS FOUND, THE OFFENDING VARIABLES ARE 
SET INVARIANT. UNDtR THE SECOND CRITERION, THE FIRST OF THE INVOLVED VARIABLES 
IS SET INVARIANT. INVARIANCE IS OBTAINED BY SETTING THE OFFENDING DIAGONAL 
ELEMENT TO UNITY ANU THE RELATED OFF-DIAGONAL ELEMENTS TO ZERO, 


PARTIAL SHIFT FACTOR 


REFINEMENT IS ENHANCED AND CONTROLLED IN THE BLOCK-DIAGONAL MODE 
BY THE USE OF A PAR I I AL SHIFT FACTOR, IN THE BLOCK-DI AGONAL MoDE OF REFINEMENT 
A partial SHIFT FAC I OH OF 0.8 IS AUTOMATICALLY APPLIED, THIS FACTOR CAN BE 
SUPERSEDED By INCLUDING A PARTIAL SHIFT FACTOR ON THE =CRYLSQ= CARD. IN ALL 
OTHER CASES. THE PARTIAL SHIFT FACTOR IS SET TO UNITY. IT MAY BE DESIRABLE 
TO USE A SHIFT FACTUH SOMEWHAT LESS THAN UNITY WHEN A BLOCKED REFINEMENT IS 
BEING made. THE SIZE OF THIS FACTOR IS DEPENDENT ON THE AMOUNT OF CORRELATION 
LOST. IF THERE IS STRONG CORRELATION BETWEEN ATOMS IN DIFFERENT BLOCKS, A 
PARTIAL SHIFT FACTOR OF APPROXIMATELY 0.9 MAy BE OF BENEFIT. IF THE 
CORRELATION IS MINIMAL, THE PARTIAL SHIFT FACTOR CAN BE LEFT AT UNITY. 
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THE STRUCTURE FACTOR AMD DERIVATIVES WITH DISPERSION 


IN =CRYLSO=» ANOMALOUS DISPERSION TERMS ARE INCLUDED IN ALL STRUCTURE 

factor and derivative calculations, the dispersion factors are assumed to be 

ZERO UNLESS OTHERWISE SPECIFIED (ON A =DISPER= CARD). IF DISPERSION FACTORS 
ARE NOT SPECIFIED, I HE RESULTAmT STRUCTURE FACTORS AND DERIVATIVES ARE EXACTLY 
THOSE CALCULATED WIlHOuT DISPERSION. SINCE ONLY THE MOST TIGHTLY BOUND 
ELECTRONS, THE ONES CLOSEST TO THE NUCLEUS, HAVE RESONANCE FREQUENCIES OF 
APPROXIMATELY THE SAME MAGNITUDE AS THE OSCILLATION IMPOSED ON AN ELECTRON 
BY NORMAL X-RAY BOMBARDMENT, Th£ DISPERSION FACTORS MAY BF CONSIDERED 
INDEPENDENT OF THE SCATTERING ANGLE (1). CONSEQUENTLY, TEMPLETON TYPE 
DISPERSION FACTORS ARE USED. THE USER IS ALSO GIVEN THE ABILITY TO REFINE THE 
DISPERSION FACTORS. THIS MUST BE STIPULATED BY SPECIAL SI6NALS PLACEO IN 
A =R£F= CARO. 

THE STRUCTURE FACTOR EQUATION, INCLUDING DISPERSION CAN BE WRITTEN AS 


Ft = (A-D) + I * ( B + C ) (20) 

A = G*P*M*T*SF*C0S2P (21 > 

B = G*P*M*T*SF*SIN2P (22) 

C = o*P*M*T*>- I*COS2P (23) 

D = G*P*M*T*R I+SIN2P (24) 

AND INCLUDES CONTRIBUTION FROM ALL ATOMS In THE UNIT CELL. 

G = OVERALL SCALE FACTOR j (25) 

P = POPULATION OF SITE-OCCUPANCY FACTOR 5 (26) 

M = ATOM MULTIPLICITY (27) 

T = TEMPERATURE FACTOR (26) 

SF = THE SUM OF THE SCATTERING AnD REAL (29) 

DISPERSION FACTOR 

FI = THE IMAGINARY PART OF THE DISPERSION FACTOR (30) 

C0S2P = COS ( 2*PI * ( H*X K*y + L*Z) ) (31) 

SIN2P = SI N ( 2*PI * ( H*X + K*Y + L*Z>> (32) 

IN THE OVERALL OR ISOTROPIC MODE, THE TEMPERATURE FACTOR IS OF THE FORM 

T = EXP(-2*(PI**2)*U*(2*S1N(ThETA)/(LAMBDA>**2> (33) 

WHEREA S IN Th£ ANISOTROPIC MODE, THE TEMPERATURE FACTOR IS OF THE FORM 

T = EXP(-2*<PI**2)*(U11*<H*ASTAR)**2+, . . ) ) <34> 


THE PARTIAL DERIVATIVES ARE AS FOLLOWS, 
(I) ATOM PARAMEIERS 

1, POSITIONAL PARAMETERS 


DA/DX = — 2*PI*H*B 
UB/DX = 2*P I *H*A 
DC/DX = — 2*PI*H*D 


(35) 

(36) 

(37) 
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DD/UX = 2*PI*H*C (38> 

2. ISOTROPIC TEMPERATURE FACTOR 

DA/UU = -2*<PI**2>*(2*SIN<THEtA)/LAMBDA)**2)*A (39) 

OB/DU = -2*(PI**2)*(2*SIN(THEtA)/LAMBDA)**2)*B (40> 

OC/UU = -2*<PI**2>*(2*SIN(THEtA)/LAMBDA)**2)*C (41) 

DD/OU = -2* ( PI **2 )*( 2*SIN < THETA ) /LAMBDA ) *»2 ) *D (42) 

3. ANISOTROPIC TEMPEkATURE FACTOR 

DA/UU 12 = -2*(PI**2)*H*K*ASTA M *BSTAR*A (43) 

DB/UU12 = -2*(PI**2)*H*K*ASTAr*BSTAR*B ( 44 ) 

DC/OU12 = -2*<PI**2)*H*K*ASTAR*BSTAR*C ( 45 ) 

DD/DUl* = -2*<PI**2)*H*K*ASTAr*BSTAR*D (46) 

4. POPULAIION PARAMETER 

DA/UP = A/p ( 47 ) 

OB/UP = B/P (40) 

OC/OP = C/p ( 49 ) 

DD/OP = U/P , (50) 


(II) ATOM TYPE PARAMETERS 

1. REAL DISPERSION OH NEUTRON SCATTERING FACTOR 


D A/O ( SF ) = A/SF (51) 
L)B/D (S') = B/SF (52) 
UC/0(SF) = O0/D(SF) =0 (53) 

2. IMAGINARY DISPERSION FACTOR 

DA/D ( FI ) r DB/D ( FT ) = 0 ( 54 ) 
OC/U ( F 1 ) = C/FI ( 55 ) 
DD/D ( FI ) = D/FI (56) 


(III) OVERALL PARAMETERS 

1. OVERALL TEMPERATURE factor 


0 (/F/)/DU = <-2*(HI**2)*(2*SI N (THETA)/LAMBDA)**2)*/FC/ (57) 

2. OVERALL SCALE FACTOR 

0(/F/)/DG r </FC/)/G ( 50 ) 

(IV) RELATING THE PAKTIALS OF A > B, C, AND D TO THE PARTlALS OF F, F**2» 

AND I, LET 

Q r A-U ( 59 ) 

S = 6+0 (60) 

IF W IS A PARAMETER# THEN 

DQ/DW = DA/OW - ON/OW (61) 
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DS/DW = D8/DW + DC/Dw (62) 

IT FOLLOWS THAT 

F**2 = Q**2 + S**2 (63) 

ANO 

0<F**2)/D W = 2*Q*<OQ/DW)+2*S*(DS/DW) (64) 

WHEN THE REFINEMENT IS BASED ON I, THE DERIVATIVE OF F SQUARED MUST 
BE MULTIPLIED BY THE LP FACTOR. wHEN THE REFINEMENT IS BASED ON F, 

/F/ = SORT (Q**2 4 - S**2> (65) 

D(/F/)/DW = (Q*(D"/DW)+S*( DS/DW) ) /SQRT ( G**2+S**2 ) (66> 


TEMPERATURE FACTORS 


=CRYLSQ= CAN BE RUN IN THE OVERALL, ISOTROPIC , ANISOTROPIC* OR MIXED 
TEMPERATURE FACTOR MODE. TEMPERATURE FACTOR PARAMETERS WHICH ARE NOT IN THE 
MODE DESIGNATED ON I HE rCRYLSQr CARD WTLL BE CONVERTED By THE PROGRAM. In THE 
MIXED TEMPERATURE FACTOR MODE, THE TYPE OF REFINEMENT WILL BE SET , ATOM By 
ATOM, JN ACCORDANCE WITH THE BINARY DATA FILE SPECIFICATION. **NOT£» ONLY 
THOSE ATOMS WHICH ARE SPECIF I E • > AS BEING IN THE OVERALL TEMPERATURE FACTOR 
MODE, WILL CONTRIBUTE TO THE OVERALL TEMPERATURE FACTOR.** 

THE TYPE OF TEMPERATURE FACTOR REFINEMENT FOR A PARTICULAR ATOM CAN 
BE ALTERED VIA A =RtF= CARD WHILE IN THE MIXED TEMPERATURE FACTOR MODE. | TO 
CONVERT THE TEMPERA I URE FACTOR TYPE FROM ISOTROPIC TO OVERALL FOR A PARTICULAR 
ATOM. ONE WOULD USE A =REF = CARD FOR THAT PARTICULAR ATOM WHICH INCLUDES =UOV= 
IN ONE OF THE PARAMETER FIELOS, **NOTE, OnLY THOSE PARAMETERS WHICH ARE 
SPECIFICALLY MENTIONED WILL BE REFINED.** THUS IF ONE IS CONVERTING TO An 
ANISOTROPIC REFINEMENT FOR A PARTICULAR ATOM AND ALL SIX ANISOTROPIC 
TEMPERATURE FACTOR PARAMETERS ARE TO BE REFINED, ALL SIX MUST APPEAR ON THE 
=REF = CARD. 


REFLECTION TYPING 


=CRYLSQ= ALLOWS THE USER TO TYPE THE REFLECTIONS AS OBSERVED OR 
LESS-THANS, DURING KEFINEMENT, THE USER MyST STIPULATE THE THRESHOLD VALUE 
ON THE =CRYLSG= CARU, THE LESS-THANS WHICH CONTRIBUTE TO THE REFINEMENT ARE 
GIVEN A VALUE EQUAL TO THE LESS-THAN THRESHOLD VALUE, THE USER MAY CHOOSE 
WHETHER OR NOT TO INCLUOE THIS REFLECTION CLASSIFICATION IN THE NEW BINARY DATA 
FILE. HOWEVER, THE STORED VALUE OF F RELATIVE WILL NOT BE AFFECTED. 
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DATA PRE-PROCESSING FOR A NUMBER OF DIFFRACTOMETERS 


THIS PROGRAM IS UESIGNC.O TO TREAT THE OUTPUT OF CERTAIN SPECIFIC 
SINGLE CRYSTAL 0 IFFKACTOMETERS . THE DESIGN IS SUCH THAT THE SPECIFIC 
OPERATIONS ARE PLACED IN ONE SUBROUTINE FOR EACH DIFFERENT DIFFRACTOMETER. THE 
MAIN SUBROUTINES ARE ALL INDEPENDENT OF THE MACHINE SPECIFIC ROUTINES AND 
CARRY OUT THE BULK uF THE CALCULATIONS REQUIRED TO PRODUCE A SCALED# SORTED, 
MERGED# UNIQUE ASYMMETRIC SET <'F REFLECTION DATA READY FOR =DATRDN=. =DATC05= 
WAS WRITTEN BY H.L , AMMON # J.M.RTEWART AND LINDA A. PLASTAS. 

THE OVERALL STEPS CARR TED OUT MAY BE OUTLINED AS FOLLOWS.... 

1. THE INPUT DATA IS SCREENEO BY THE MACHINE SPECIFIC SUBROUTINE TO GIVE 

H, K# L# THE INTEGRATED INTENSITY, THE BACKGROUND# THE SIGMA OF I# FLAGS 
FOP STANDARDS, REFLECTION SEQUENCE NUMBER, TWO THETA, OMEGA# CHI, AND 
PHI. 

2. during this screening, statistics on standards are collected. 

3. at THE END OF THE FIRST PASS OVER THE RAW DATA, THE STATISTICS COLLECTED 
ON THE STANDARD REFLECTIONS ARE TREATED TO GIVE INTENSITY SCALE FACTORS 
TO BE USED TO CORRECT FOR t'RIFT IN INTENSITY OF STANDARDS AS A FUNCTION 
OF DATA GATHERING. THE STANDARD REFLECTIONS ARE EXPECTED t° COME IN 
GROUPS At INTERVAL;,, E.G. 3 EVERY 100 DATA MEASUREMENTS, THE SCALE 
FACTORS ARE DERIVED FROM T*E SUM OF THE INTEGRATED INTENSITIES FROM ALL 
OF THE MEMBERS OF EACH GROoP. ANy INCOMPLETE GROUP IS REJECTED FROM 

THE FORMATION OP SCALE FACTORS. GRAPHS ARE PRINTED OF THE RAW DATA FOR 
EACH STANDARD REFLECTION And THE TABLE OF SCALE FACTORS IS OUTPUT. IN 
THIS TREATMENT I HE VALUES nF THE SCALE FACTORS FOR EACH GROUP OF STANDARD 
REFLECTIONS ARE ADJUSTED To SET THE PIrST TWO GROUPS TO EXACTLY 1.0 AND 
ALL OTHER GROUPS TO RELATIVE VALUES. THE TABLE THUS FORMED MAY BE 
SUPERSFOED IN any WAY THE USER WISHES. THE REASON FOR SETTING THE 
FIRST TWO SCALES IS THAT SOME DATA MAY HAVE BEEN GATHERED BEFORE 
MEASUREMENT OF I HE FIRST STANDARD GROUP. 

4. A SECOND PASS IS THEN MADE OVER ALL THE OBSERVATIONS. THE SCALE INTENSITY 
OF ALL OBSERVATIONS IS DERIVED BY INTERPOLATION FROM THE SCALE FACTOR 
TABLE. SIGMA I AND THE BACKGROUND ARE ALSO SCALED. THIS INCLUDES ALL 

OF THE MEASUREMENTS OF STANDARDS, DATA FOR PRINTING THE GRAPHS OF THE 
MODIFIED STANDARDS IS KEPT. 

5. FOR EACH REFLEC I ION THE VALUES OF H, K, AND L ARE TREATED TO TRANSFORM 
THfM INTO A CONSISTENT ASYMMETRIC SET DEPENDING UPON THE =sYMTRY= OPERATION 
CARDS SUPPLIED. THE TRANSpOHMED COORDINATES ARE PERMUTED AND COMBINED 

TO GIVE A SIMPLt NUMBER WHICH W ILL SERvE TO EXPEDITE THE SORT-MERGE STEP. 

6. DURING THE SECONQ PASS, EVERY SCALFO INTENSITY CAN BE OPTIONALLY PRINTED. 
SEVERAL GENERAL TESTS ARE APPLIED TO EACH INTENSITY AND FLAGS ARE USED 

TO SIGNAL WHETHtR THE INTENSITY HAS UNEQUAL BACKGROUNDS <UNBG), NEGATIVE 
INTENSITY <-INT>, COULD BE CONSIDERED TO BE A LESS-THAN (L-T), IS 
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SYSTEMATICALLY ABSENT FOR THE GIVEN SPaCE GROUP <SY*B) » OR IS A 
STANDARD (STO), 

THE INTENSITY SIGMA'S ARE COMPUTED AS FOLLOWS (X AND N ARE FOUND IN COLS. 
21-25 AND 2P-30 OF THE =DATC05= CARO) 

T = SCAN COUNT + BACKGROUND 1 + BACK6R0UND2 

SIGMA(I) = SQRT(OIFFRACTOMETER FUNCTION(I) + < X*T ) **N 

IF X = -1.0* -2.0 OR -3.0 THE STANDARD REFLECTION DATA ARE USED TO 
DETERMINE AN EXPERIMENTAL INSTABILITY FACTOR. THAT IS 

SIGMA 1 1 ) = SORT (DIFF FHNCII) + K + R*T**2) 

FOR X = -1.0 ..... 

SIGMA(I) = BQRT (DIFF FnNC ( I ) ♦ R*T**2>. R DETERMINED FROM A LEAST 
SQUARES fit OF A Y = M*x LINE (THROUGH THE ORIGIN). 

FOR X S -2,0 

SIGMA ( I ) = SORT (DIFF Fi'NCdS + K ♦ R+T**2) . K AND R DETERMINED FROM 
A LEAST-SQUARES FIT TO Y = B + M*X TYPE LINE. 

FOp X - -3 .0 ..... 

SAME AS X = -2.0* EXCEPT SET K TO 0 .0. 

IF ONLY 1 STANDARD REFLECTION HKL IS USED, THE -1.0 OPTION IS 
CALCULATED, WHETHER YOU AOREE WITH IT OR NOT, THE PRESENT CODE 
DETERMINES THE INSTABILITY FACTORS USI^G THE UNSCAlEO STANDARD INTENSITY 
DATA. THEREFORE, IF YOUR STANDARDS VArY A LOT WE RECOMMEND THAT YOU 
FORGET ABOUT USING THIS INSTABILITY INFORMATION. THE R'S WILL TURN OUT 
TO BE QUITE LARUE AND A LOT OF YOUR REFLECTIONS WILL BE CODED AS 
’UNOBSERVED.' 

CALCULATION OF I HE REFLECTION INTENSITY (I) AND THE ABOVE MENTIONED 
'DIFFRACTOMETER FUNCTION' FOR THE PICKER DIFFRACTOMETER IS 

LET I S CORRECTED INTENSITY, S = SCAN COUNT, ST = SCAN TIME, 

BT = TIME FOR ONE HACKGROUND MEASUREMENT, B1 = BKGD1 COUNT, 

B2 = BKUD2 = COUNT* A r ATTENUATOR FACTOR. THEN, 

K = 0.5*<ST/BT) 

I s A*(S - K*(B1 ♦ B2> J 

DIFF FUNC. = (A**2)*(S + <K**2)*(B1 + B2>> 

THE OUTPUT FILE OF THE SECOND PASS IS uSED TO SORT THF. REFLECTIONS AS 
A FUNCTION OF THE SORT NUMh£R DEVELOPED DURING THAT PASS. THE SORT NUMBER 
OF ALL EQUIVALENT REFLECTIONS IS IDENTICAL, THEREFORE IN A PASS DOWN 
THE FILE ALL SORT NUMBERS THAT CAN BE KEPT IN IMMEDIATE ACCESS STORE ARE 
LOADED AND SORTED TOGETHER, THE PROCESS IS REPEATED UNTIL ALL DATA HAS 
BEEN SORTED. THE TABLE OF STATISTICS WHICH WAS DEVELOPED DURING THE 
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SECOND PASS MAKES THE PROCESS FAIRLY EFFICIENT FoR LARGE OAT A SETS. AT 
THE END OF EACH LOADING PARS » THE AVERAGING, PRINTING, AND OUTPUT OF 
=HKL= CARD IMAGtS IS CARRIED OUT FOR THAT SORTED PORTION. (APPROXIMATELY 
4000 REFLECTIONS PER PASS ARE TREATED, DEPENDING UPON MACHINE SIZE.) 

THr EQUIVALENT REFLECTIONS ARE TREATED DIFFERENTLY DEPENDING UPON THE 
NUMBER OF OBSERVATIONS. IF THERE IS 0\LY ONE, IT IS ACCEPTED. IF THERE 
ARE TWO, THEY ARE AVERAGED UNLESS ONE IS MORE THAN SN?*(SIG«A I) LESS THAN 
THE OTHER. SN2 IS A FACTOR SUPPLIED By THE USER. WHEN ONE IS VERY SMALL 
RELATIVE TO THE OTHER, THE HIGHER OBSERVATION IS ACCEPTED AS TRUE AND 
THE LOWER ONE IS REJECTEU. WHEN THERE ARE THREE OR MORE EQUIVALENT 
REFLECTIONS, AN AVERAGE AN" STANDAPD DEVIATION IS CALCULATED FOR THEM, IF 
any MEMBERS OF I HE set DIFFER BY MORE than SN3 (ALSO SUPPLIED BY THE 
USER) STANDARD DEVIATIONS from THE MEAN, THEY ARE REJECTED. IF ANY ARE 
REJECTED, A NEW AVERAGE AND STANDARD DEVIATION ARE CALCULATED. THESE 
REFINED AVERAGE VALUES ARE USED FOR THE INTENSITY AND SIGMA 1, 

. THE RESULTS OF I HE AVERAGING PROCESS FORM A FILE ON =nFIl£I= WHICH IS 
THE IMAGE OF A SINGLE =HKL= CARD FOR EvERY UNIQUE ASYMMETRIC REFLECTION. 
THIS FILE IS ENUED WITH A =FILES= CARD WHICH GIVES FOR =NTIN= (THE NORMAL 
CARD INPUT FILE) THE VALUE FOR THE USUAL CARD INPUT STREAM. THIS MEANS 
THAT IN PLACE OF THE =HKL= CARD DECK In A DATA REDUCTION <=DATRDN=) RUN 
ONE MAY USE A =FILES= CARD. FOR EXAMPLE, LET =NFIlEI= Be 10 AND =NTIN= 

BE St THEN THE DATA REDUCTION DECK COULD BE AS FOLLOWS - 

DATRDN .... 

LABEL .... 

CELL . . . 

. . .... 

. . ...» 

< . .... 

CONDIT .... 

SCALE . . » . 

FILES 10 
END 

FINISH 

THE FUNCTION OF THE =FILES 5= CARD AT THE END OF THE INTENSITY DATA FILE 
FROM = DATC05= IS TO RETURN CONTROL TO THE USUAL CARO DECK INPUT STREAM. 
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OAT A REDUCTION PROGRAM 


THE INITIAL CODING FOR THF DATA REDUCTION PROGRAM WAS WRITTEN Br 
JAMES M. STEWART DUPING 1958-6" FOR THE IB,.- 704 AT THE OHIO STATE UNIV. 
MRS. MARY ANN JARSKi AND JAMES M. STEWART CONVERTED THE IBM 704 PROGRAM 
TO THE IBM 709. AND FURTHER EXPANDED THE CODING. THE BOND ABSORPTION 
CORRECTION WAS PROGRAMMED ANU DHECKED-OUT BY BRUNO MOROSIM. THE NEW 
X-RAY SYSTEM VERSION WAS DONE HY J.M. STEWART AND R.V. CHASTAIN. THE 
PROGRAMMING OF THE 1/LP CORRECTIONS WAS DONE BY A. MIGHELL* A, SANTORO, 

AND M. 70CCHI. THE USE OF =FOR M GN= CARDS WAS INTRODUCED By G.J, KRUGER, 

this program is designed to organize the raw data needed in the 
DETERMINATION of a crystal structure into a coherent collection stored 
in a binary data file so that the structure factor and refinement programs 
will calculate AUTOMATICALLY, the fortran statements of the program are 

MADE USING ABBREVIAI IONS FOR T W E SYMBOLS USED BY BUERGER (i> AND LIPSON 
AND COCHRAN (2). T«E CALCULATIONS PERFORMED ARE LISTED HERE WITH NO OTHER 
EXPLANATION. REFERENCE TO THE INTERNATIONAL TABLES (3) As WELL AS THE 
PAPER ON THE LORENTZ AND POLARIZATION FACTOR FOR THE PRECESSION METHOD 
BY WASER U) MAY BE FOUND HELPFUL. 

THE PROGRAM REQUIRES THE FOLLOWING DAtA - 

1. CELL DIMENSIONS AND F ( 000 > 

2. ATOMIC SCATTERING FACTORS (NEUTRON OR X-RAY) 

3. THE GENERAL SYMMETRY OPERATIONS OF THE SPACE GROUP. APART FROM 
LATTICE TRANSLATION AND CFNTER OF SYMMETRY 

4. IDENTIFICATION OF CELL AS CENTRIC OR ACENTRIC, AND LATTICE TYPE 

5. DISPERSION CORBECT IONS (OPTIONAL) 

6. CAMERA DATA AND PHYSICAL ORIENTATION qF THE CRYSTAL 

7. SCALE FACTORS 10 BE APPLIED TO THE INTENSITY DATA (OPTIONAL) 

6. WEIGHTING DATA FOR '-EAST SQUARES (OPTIONAL) 

9. FILTER FACTORS IF NEEDED FOR SPECTROMETER DATA (OPTIONAL) 

10. BOND ABSORPTION CORRECTIONS (OPTIONAL) 

11. REFLECTION DATA - H» K, AND L. I. F, OR F**2. 

12. other information concerning reflections is optional, e,g. absorption 

FACTOR. PHASE, ETC. SEE fikl CARO FOR DETAILS. 
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The cell dimensions are HEAD AND CHECKED FOR REASONABLENESS - NO 
ZERO Op NEGATIVE AXIAL LENGTHS. EITHER DIRECT CELL OR RECIPROCAL CELL 
LENGTH? MAY BE GIVEN. ANGLES EITHER AS ALL COSINES OR ALL DEGREES MAY 
BE SUPPLIED. the RECIPROCAL CELL CONSTANTS* the METRIC TENSOR, AND 
INVERSE METRIC TENSOR ARE CALCULATED < 1 , pAGE 360). 

The SCATTERING FACTOR INFORMATION is read in AND stored in tables. 

THE VALUES FOR X-RAY SCATTERING FACTORS ARE READ IN FOR A NUMBER OF VALUES 
OF SIN THETA/LAMHOA AND A T ABLE IS STORED IN MEMORY FOR EACH ATOM-TYPE 
TO BE IJSEO. THERE IS A MAXIMUM OF 16 ATOM TYPES ALLOWED. THE X-RAY 
SCATTERING FACTORS, LIKE THE NEUTRON SCATTERING FACTORS* ARE GIVEN A 
DESIGNATION AT THIS TIME CONSISTING OF ONE TO FOUR CHARACTERS (E.G.- N 
FOR NITROGEN, CU2+ FOR COPPER(II), ETC.). THE DESIGNATION IS STORED IN 
A 'DICTIONARY' ON THE BINARY FILE FOR USE oF THE FOLLOWING PROGRAMS. 

X-RAY SCATTERING FACTORS MAY BF USED DIRECTLY FROM LITERATURE (5). THERE ARE 
STRINGENT REQUIREMENTS UPON THP ORDER AND RANGE OF THE ENTRIES, BUT 
NON-EGnAL INTERVALS ARE PERMISSIBLE. THE ACTUAL VALUES OF THE SCATTERING 
FACTORS AT EACH VALUE OF (SIN THETA ) /LAMBDA FOR A GIVEN REFLECTION ARE 
DETERMINED By a FOUR-POINT INTERPOLATION UTILIZING AITkEN*S METHOD ( 6 ). 

THE CONDITIONS WHICH MUST BE MAT ARE - (SIN THETA ) /LAMBDA MUST INCREASE 
MONOTONICALLY* F(J) SHOULO DECREASE MONOTONl CALLY (HOWEVER, A 5 -PERCE 1 NT 
INCREASE IN ANY INTERVAL IS PERMITTED TO A L LOW FOR OCCASIONAL INFLECTION 
FOUND E OR SOME ELEC (RON CONF IGmr AT I OMS ) , THERE MUST BE AT LEAST TEN ENTRIES 
ANO LESS THAN 40 ENIK1ES. IN ORDER TO INTERPOLATE AT THE HIGH 
VALUES OF (SIN THETA ) /LAMBDA T H ERE MUST BE AT LEAST 3 TABLE ENTRIES 
WITH A VALUE OF (SIN THETA ) /LAMBDA GREATER THAN THE HIGHEST VALUE THAT 
IS ANTICIPATED IN THE REFLECTION DATA. TH£ PROGKAM CHECKS FOR THESE 
CONDITIONS AnO RE1 ^hNS ERROP REMARKS EXPLAINING ANY NON- AGREEMENT WITH 
THE PROGRAMMED CONDITIONS. THE COHEREMT SCATTERING FACTOR FOR NEUTRONS 
IS SUPPLIED AS A SINGLE VALUE FOR EACH ATOM TYPE (7). 

X-RAY SCATTERING FACTORS CAN ALSO BE GENERATED FROM NUMERICAL' 
HARTREE-FOCK WAVE FUNCTIONS BY SUPPLYING THE COEFFICIENTS GIVEN FOR THE 
ANALYTICAL FUNCTION AS GIVEN BY CROMER AND MANN (52) ON =FORMGN= CARDS. 

FORTY ENTRIES WITH A MAXIMUM S»N THETA/LAMBDA VALUE OF 1.56 (AxX- 1 ) WILL 
BE CALCULATED. CER IAIN SCATTERING FACTORS MAY BE INVOKED AUTOMATICALLY 
C, N, 0 . P. S* CL BY THE EXPANSION FORMULA AND H FROM STEwART ET. AL. (5AA). 
THAT IS TO SAY, A =EORMGN= CARi' WHICH IS Bi_ ANK SAVE FOR ONE OF THE ABOVE 
ATOM TYPES WILL PROUUCE THE REQUIRED SCATTERING FACTORS. 

THE NEXT STEP IS THE BUILDING OF THE SYMMETRY OPERATIONS OF THE 
SPACE GROUP INTO MAI RICES ANU VECTORS WHICH MAY BE USED TO GENERATE ALL 
THE ATOMS IN THE CELL FROM ONE ASYMMETRIC SET. THE STRUCTURE FACTOR 
AND FOURIER PROGRAMS OPERATE 0*’ THE BASIS OF PI OR Pl-BAR. THESE 
OPERATORS ARE READ IN THE FORM GIVEN IN THE FIRST PART OF VOLUME I OF 
THE INTERNATIONAL TABLES (3). THE PROGRAM CHECKS THE CAROS FOR POSSIBLE 
ERRORS IN PUNCHING AND STORES THEM IN TABLES IN THE BINARY DATA FILE. FOR 
FURTHER OETAILS ABOUT THE TREATMENT OF SYMMETRY* SEE THE STATEMENT IN 
1 .GtNERL. 

ONE MUST SUPPLY A SEPARATK CARD INDICATING WHETHER THE CELL IS 
CENTRIC OR ACENTRIC AND GIVING THE LATTICE TYPE SYMBOL - 

P, I* R* F, A, Hr OR C 


c 
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NOTE- =P= IS USED FOR RHOMBOHFDRAL SPACE GROUPS INDEXED AS RHOMBOHEDRAL 
AND =R = IS USED FOR RHOMBOHEDRAL SPACE GROuPS INDEXED AS HEXAGONAL. IN 
THE CENTRIC CASE WUH THE ORIGIN AT THE CENTER OF SYMMETRY, ONLY THOSE 
OPERATIONS NOT INVOLVING THE CENTER SHOULD HE SUPPLIED, AFTER THE 
SYMMETRY OPERATIONS HAVE BEEN STORED IN A FORM SUITABLE FOR THE 
STRUCTURE FACTOR PROGRAM, THEY ARE OPERATED UPON BY A GENERATION CHECKING 

subroutine which sorts and examines the operations to check for 
CRYSTALLOGRAPHIC validity, 

ONE MAY SUPPLY DISPERSION CORRECTION CARDS USING DATA FROM EITHER 
TEMPLEyON (8) OR ROOF (fl). THESE CARDS ARE OPTIONAL, AS IS THE APPLICATION OF 
THE DISPERSION CORRECTIONS AT =FC = TIME. 

THE CONDITIONS OF OBSERVATION ARE SUPPLIED NEXT. THIS CARD PROVIDES 
SPACE FOR WAVELENGTH, THE MAXIMUM (SIN THEtA ) /LAMBDA EXPECTED, THE 
MINIMUM OBSERVED INTENSITY, NEUTRON- OR X-RADIATION, THE CAMERA TYPE 
(E.G, POWDER, SPECTROMETER, WETSSENBERG, PRECESSION, ETC.), WHETHER OR 
NOT ONE WISHES TO APPLY I/LP , UR TO TAKE TpiE 5QUARE ROOT OF THE DATA 
BEING rEDUCEO. THIS CARO IS NEVER OPTIONAL IN ANY DATA REDUCTION RUN. 

A X IAL DESIGNATIONS MUST BP MADE FOR THOSE METHODS WHICH REQUIRE THE 
AXIS OF ROTATION ANU/OR THE AXIS PARALLEL TO THE BEAM. FOR THE PRECESSION 
METHOD, THE ANGLE BtTWEEN THE AXIS MOST NEARLY HORIZONTAL AND THE 
HORIZONTAL ON THE FILM IS NECESSARY. THE CALCULATION OF 1/LP FOR X-RAY 
AND 1/L FOR NEUTRONS IS CARRIEu OUT FOR EACH REFLECTION SO THAT NO 
TABLES ARE REQUlREU. 

IF SPECTROMETER DATA ARE hEING PROCESSED, THEN FILTER FACTOR CARDS 
GIVING THE ABSORBANCY OF THE FILTERS AND An INDEX CODE ARE REQUIRED. 

FILTER r0= HAS A FACTOR OF 1.0 AUTOMATICALLY SO THAT FOR A REFLECTION 
MARKED » NO FILTER*, THE ’CORRECT * FILTER FACTOR IS APPLIED. IF A 
MONOCHROMATOR IS BEING uSEO, ITS WORKING ANGLE MUST BE SUPPLIED. 

=SCALE= CARDS SERVE THE PRIMARY PURPOSE OF ADJUSTING THE SCALE OF 
THE RELATIVE INTENSITIES OF GRUUPS OF REFLECTIONS. IN ADDITION THEY 
PERMIT TAGGING GROUPS OF REFLECTIONS AS ALL HAVING THE SAmE SCALE FACTOR 
(MAXIMUM NUMBER of GROUPS =641. THE MINIMUM OBSERVED INTENSITY FOR THE 
GROUP, AND PROVISION FOR WEIGHTING, ARE SUPPLIED ON THIS CARO. IF NO 
=SCAlE= CARD IS SUPPLIED THE PPOGRAM ASSIGNS =1= AS THE REFLECTION GROUP 
INDEX AND USES 1 . 0 AS THE SCALP FACTOR AND NO LEAST SQUARES WEIGHTING 
FACTORS ARE CALCUL A I ED , HOWEVPR* THE VALUE OF F MINIMUM IS STORED IN 
THE FILF. THESE WEIGHTS CAN T H EN BE CALCUt A TED AT SOME FUTURE TIME BY THE 
PROGRAM =WTLSSQ=. I HE LEAST SQUARES PROGRAMS ALLOW THE USE OF UNIT WEIGHTS 
AS An ALTERNATE TO IHOSE IN THP- binary DATA FILE. SEE 1.CRYLSQ, l.WTLSSQ 
FOR DETAILS OF APPLICATION OF WEIGHTS, 

there is a least squares weighting scheme provided in =oatRon= 

WHICH is PATTERNED AFTER THE MPTHOD SUGGEStEO BY HUGHES (10). IT IS 
CALLED BY A =2= IN I HE =SCALE= CARD. THE FORTRAN CODING FOR THIS (UNIV. OF 
WASHINGTON) SCHEME IS - 

WEIGHT = Q1/AMAX1 (SIGVA,Q2*FREL+Q3,Q4*FKELM+Q5) 

. WHERE WEIGHT = SOUARE ROOT OF WEIGHT TO BE USED IN 
LEAST SQUARES 
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oi = constant punched in cols. 33-37 of =scale= 

CORD (SET = 1.0 IF NOT SPECIFIED) 

SIGMA = STANDARD DEVIATION OF MEASUREMENT, AND IS 
PUNCHED IN A REFLECTION CARD 

Q2 = FRACTIONAL ERROR INF RELATIVE - PUNCHED IN 
CPLS 38-42 OF =SCALE= CARD# AND INITIALIZED 
TO ZERO 

Q3 = AUDITIVE CONSTANT WHICH MAY RE APPLIED AT 

U4ERS DISCRETION - PUNCHED IN COLS 43-47 OF 
=SCALE= CARD, AND INITIALIZED TO 0.0 

04 = FRACTION OF F MINIMUM WHICH TS TO BE CONSIDERED 
MINIMUM STANDARD OEVIATON - PUNCHED 
IN COLS 4P-52 OF =SCA|_E= CARD AND INITIALIZED 
To ZERO 

Q5 = AUDITIVE CONSTANT WHICH MAY RE APPLIED AT 

U5ER*S DISCRETION - PUNCHED IN CO|_S 53-62 OF 
=SCALE= CARD, AND INITIALIZED TO 0.0 

Q6 = FoCTOR USED To MULTIPLY E.S.D. IN INTENSITY 
Tn ESTABLISH a THRESHOLD VALUE OF F FOR 
DETERMINING FrELM IN ABOVE EQUATION FOR 
DIFFRACTOMETER DATA. 

The SCHEME APPLIES WEIGHTING FUNCTION - WEIGHT=Q1/ ( J ) IN WHICH <J) 

IS THE MAXIMUM OF THESE THREE FUNCTIONS - (1) SIGMA, (2) ( Q2*FREL+Q3 ) , 

OR (3) (Q4*FRELM+U5) . TO OBTAIN WEIGHTS LIKE THOSE SPECIFIED BY 
HUGHES (10) - 


WEIGHT = 1.0 FOR F REL LESS THAN K 

= K/F REL FOR F REL GREATER THAN OR EQUAL K 
IH£N SET 01 = Q5 = K 
<3? = 1.0 
Q3 = Q4 = ZERO 

NOTE - 01 IS INITIALIZED TO 1.0, ALL THE REST TO ZERO. 

=A8SB0 N= CARDS SUPPLY INFORMATION SPECIFIC TO THE TYPE OF 
absorption correction BEING APPLIED. THE information on spheres AND 
CYLINDERS of BOND (11) is GIVEN IN VOLUME iI OF the INTERNATIONAL tables 
( 3). THE DATA IS READ INTO THE CORE FROM CARDS AND INTERPOLATED FROM 
THE VALUE OF (SIN THETA )/LAMtJDi BY AITK£N»s METHOD (6 ). DIFFERENT 
ABSORPTION corrections ARE REQUIRED FOP each level, though THE ANGULAR 
DEPENDENCE IS CALCULATED. 

FOR EACH UNIQUE REFLECTION OF THE SPACE GROUP UNDER CONSIDERATION 
H, K , L # AND EITHER F, F**2, OR I RELATIVE MUST BE PROVIDED. 
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A UNIQUE SET OF REFLECTIONS* NOT INCLuOING THOSE SYSTEMATICALLY 
ABSENT, MUST BE INCLUUED. IF « SHARPENED ORIGIN-REMOVED PATTERSON IS 
DESIRED THE STSTEMAl ICALLY ABSENT REFLECTIONS SHOULD ALSO BE INCLUDED. 

IT IS MOST DESIRABLE, BUT NOT MANDATORY, ThAT THE REFLECTIONS BE SORTED 
IN THE ORDER THAT WILL PERMIT FASTEST FOURjER SUMMATIONS AND THAT THE 
SYSTEMATICALLY ABSENT REFLECTIONS BE PLACED AFTER THE OBSERVED REFLECTIONS. 

THE FOijRIER RUNS FASTEST IF THE REFLECTIONS WITH THE SAME 

ABSOLUTE VALUES OF H, K, AND L ARE GROUPED TOGETHER. =FCr RUNS FASTEST 

IF THE REFLECTIONS are SORTED SO THAT THE INDEX WITH THE SMALLEST 

RANGE VARIES SLOWESI* ETC. (IN THE TRICLINIC CASE, WHERE IT Is IMPOSSIBLE 

TO SATISFY BOTH CRJIERIA, THE FORMER SHOULD BE GIVEN PRECEDENCE.) 

NOTE THAT FOR MAXIMUM EFFICIENCY* THE NEGATIVE VALUES SHOULD BE ASSIGNED 
TO INDICES ALONG SHORTER RECIPROCAL AXES. 

For THE LESS-THAN REFLECTIONS (I.E, THOSE REFLECTIONS WHOSE INTENSITIES 
ARE TOO WEAK TO BE MEASURED) A VALUE OF ZERO, OR A VALUE JUST 
BELOW THE LOWEST OBSERVED INTENSITY, IS PUNCHED IN THE INTENSITY CARD. 

THE LESS-THANS SEKVt A USEFUL PURPOSE IN THE CALCULATIONS OF STRUCTURES 
AND PROVIDE ADDITIONAL, IF SOMF WHAT INACCURATE* DATA UPON WHICH TO 
BASE A STRUCTURE UNUER STUOY. IT IS NOT MANDATORY THAT THEY BE 
INCLUDED. FOR PURISTS THE VALUE OF INTENSITY EXACTLY AS DERIVED FROM 
THE COUNTER DATA MAY BE USEU. POSITIVE OR NEGATIVE. FOR NEGATIVE VALUES 
FREL WILL BE SET TO ZERO. =CRYLSQ= WILL PERMIT REFINING ON THE OBSERVED 
I VALUES. 

ON THE OUTPUT binary DATA FILE* A CODE (JCODE) OF =1= IS USED FOR 
OBSERVED REFLECTIONS, Z2= FOR l.ESS-THANS* =3= FOR REFLECTIONS TO BE 
CALCULATED AND DISPLAYED BUT NOT USEO IN LEAST SQUARES (THESE ARE NOT 
USUALLY MARKED AT DATA REDUCTION TIME, BUT MAY BE IDENTIFIED LATER AT 
=FC= TIME). =4= FOR A REFLECTION TO BE IGNORED IN ALL RESPECTS* AND =5= 

FOR A SYSTEMATICALLY ABSENT REFLECTION IGNORED IN ALL RESPECTS EXCEPT 
FOR A SHARPENED ORIGIN REMOVED PATTERSON. 

THE VALUE OF (SIN THETA ) /l AMBDA IS COMPARED WITH THE MAXIMUM ANTICIPATED 
VALUE PUNCHED IN THt =CONDIT= CARD TO CHECK THAT THE POINT IN 
RECIPROCAL SPACE WILL PASS INTO THAT PORTION OF THE SPHERE OF REFLECTION 
THAT CAN BE RECORDED BY THE UAT A GATHERING METHOD USED, 

THE VALUES OF I HE VARIOUS SCATTERING FACTORS ARE OBTAINED By 
INTERPOLATION OF THt STORED LITERATURE VALUES. A COMPLETE LISTING OF THESE 
UATA FROM THE LITERATURE MAY BF FOUND IN THE INTERNATIONAL TABLES (3). 

THERE ARE A FEw ADDITIONAL UAT«, MOST OF WHICH APPEARED IN THE LITERATURE 
SUBSEQUENT TO THE PUBLICATION of THE INTERNATIONAL TABLES. 

A NUMBER OF THE OLDtR LITERATUPE REFERENCES ARE ALSO LISTED IN REFERENCE 5* 
MAINLY AS A SOURCE FOR THE EARLIER STRUCTURE DETERMINATIONS. 

EPSILON, A SMALL, SYMMETRY RELATED INTEGER DESCRIBED IN VOL. II OF THE 
INTERNATIONAL TABLES PP. 355-6 AND CALLED ALPHA THERE BY LUZZAtI IS REQUIRED 
FOR THp CALCULATION OF E VALUES (QUASI-NORmALIZEU STRUCTURE FACTORS). 

THE CALCULATION OF IHESE FACTORS IS ALSO DESCRIBED IN * ‘CRYSTALLOGRAPHIC 
COMPUTING" (1969) P, 19 BY I. KARLE. IN DATA REDUCTION THIS FACTOR IS 
CALCULATED FOR EACH REFLECTION AND STORED IN THE BINARY DATA FILE FOR USE 
BY OTHER PROGRAMS IN THE SYSTEM. THE VALUE OF EPSILON IS CALCULATED BY A 
SIMPLE ENUMERATION PROCEDURE. IT IS THE COUNT OF THE NUMBER OF TIMES A 
REFLECTION IDENTICALLY IS GENERATED UNDER THE SYMMETRY OPERATIONS OF THE SPACE 
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GROUP UNDER CONSIDERATION, THAT IS TO SAY, FOR H(NEw) = HR<J) WHERE H IS 
THE VECTOR (H»K»L) AND R(J) IS THE JTH ROTATION MATRIX SUPPLIED TO DATA 
REDUCTION. 

THROUGH THE USt OF =FORMAT= AND =REFIN= CARDS IT IS POSSIBLE TO READ 
REFLECTION DATA IN MANY DIFFERENT FORMS. A =FORMAT= CARD MAy BE SUPPLIED 
WHICH CONTAINS A VALID FORTRAN INPUT FORMAT STATEMENT BEGINNING WITH 
=(= AND ENDING WITH r)=. A rRFFINr CARD MuST THEN BE USED TO SPECIFY THE 
UETAILS OF THE SOURCE OF THE DATA AS WELL AS ITS OROER . IT IS MANDATORY 
THAT THE REFLECTION CARDS THEMSELVES FOLLOW IMMEDIATELY BEHIND THE =REFIN = 

CARO AND THAT THE EXACT NUMBER SUPPLIED OR THE LAST INDEX IN THE STACK 
BE GIVEN IN THE =REt-lN= CARD. 


EXTINCTION COEFFICIENT 


THE EXTINCTION COEFFICIENT USED IN THE XR A Y SYSTEM IS AN ISOTROPIC 
CORRECTION THAT FOLLOWS THE METHOD OF A.C. LARSON. THE SYMBOL G IS USED TO 
REPRESENT THIS OUANIITY. IT MAY BE ESTABLISHED BY USE OF THE LINK =CRYLSQ= 
AND REFINED AS A LEAST-SQUARES PARAMETER. ITS VALUE IS ESTABLISHED BY USE 
OF THE EQUATIONS ANU QUANTITIES DESCRIBED BELOW. SOME OF THESE QUANTITIES 
ARE CALCULATED AT UATRDN TIME AND STORED IN THE BINARY DATA FILE. 

TBAR = (ALOb(ABSORP) )/HMU) + O.OOOOl 

ABSORP IS THE RECIPKOCAL OF THE TRANSMISSION COEFFICIENT FOR THE GIVEN 
REFLECTION. 

THE CLASSICAL RADIUS OF AN ELECTRON t E**2 ) / ( M* ( C**2 > > IS 
2.81751 *10EXP-13 CM. THIS VAL"E SQUARED IS 7 . 93B4*10EXP-26 CM. SQUARED. 
WHEN THE FACTOR OF I WO IS INCORPORATED FROM THE EQUATION SHOWN ABOVE, A 
CONSTANT 15B.768*10t.XP-27 CM. SQUARED IS OBTAINED. THE VALUE THAT CONVERTS 
(AMBA**3)/<V**2) FROM RECIPROCAL ANGSTROMS CUBED TO RECIPROCAL CM. CUBED 
IS 10EXP+24. THIS GIVES A CONSTANT OF 158 .768*1 OEXP-3. IN =DATRDN= THE 
FACTOR OF 1 OEXP-3 IS LEFT OUT THUS SCALING ALL G VALUES By A FACTOR OF TEN 
TO THE THIRD, THE OTHER POSSIBLE ARH I TRAR y FACTOR IS THE V*LUE OF TBAR. 

IT IS SET TO 0.030 GM WHEN NO OTHER INFORMATION IS SUPPLIED. THE VALUES OF 
G SHOWN ON THE CRYLSQ OUTPUT ARE MULTIPLIED BY 10**3. IN ADDITION, IF NO 
ABSORPTION CORRECTION INFORMATION IS SUPPLIED, THE CRYSTAL IS ASSUMED TO 
HAVE AN AVERAGE TRANSMISSION PATH LENGTH (TBAR) Of 0.03 Cm, THIS GIVES 
RISE TO AN ARBITRARY SCALING 0* G. FOR CRySTALS WITH HIGH EXTINCTION, 
CORRECTED FOR ABSORPTION. THE VALUE OF G WILL BE IN THE RANGE OF 10**-2 TO 
10**— 4 • THIS MEANS THAT CRYLSQ WILL SHOW NUMBERS AROUND 1,0 FOR EXT (G> . 

IN CASES OF LARGE EXTINCTION PROBLEMS, IT wlLL BE LARGER. 

REFER TO ( 13) . <14>. (15). AND (16). 

IF NECESSARY. THE CHOSEN .1 /L OR 1/LP VALUE IS COMPUTED AND APPLIED. 

IF AN ABSORPTION CORRECTION IS TO BE MADE, IT IS DONE. 

THE BINARY DATA FILE CONTAINS THE INFORMATION WHICH CONSTITUTES 
THE DATA WHICH ARE KNOWN ABOUT A CRYSTAL UNDER STUDY. THE DATA REDUCTION 
PROGRAM PLACES IN THE FILE ONLY THOSE QUANTITIES WHICH ARE KNOWN 
BEFORE A STRUCTURE DETERMINATION IS STARTED. BUT IT LEAVES SPACE FOR 
PARAMETERS WHICH ARt DETERMINED AS THE SOLUTION PROGRESSES. THE FORMAT 
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OF THE BINARY FILE IS THEREFORE FIXED BY THE MOST GENERAL CALCULATION 
OR COMBINATION OF CALCULATIONS PROGRAMMED FOR THE SOLUTION OF STRUCTURES. 


IN ADDITION TO PRODUCING A BINARY FILE* DATA REDUCTION PRINTS A SUMMARY 
OF THE DATA PROCESSED, THIS LIST REPRESENTS THE RESULTS OF THE CALCULATIONS 
PERFORMED BY THE PROGRAM, IT SHOULD BE CAREFULLY SCANNED FOR 
EACH COMPOUND THAT IS TREATED IN ORDER TO MAKE SURE THAT THE BASIS FOR 
further calculations is sound. 

(NOTE - FOR DESCRIPTION OF THE X-RAy SYSTEM BINARY DATA FILE 
SEE APPENDIX 6) 

THE PROGRAM MAT BE USED TO REREDUCE OaTA IF NECESSARY. THERE ARE, 
HOWEVER, CERTAIN RESTRICTIONS WHEN THIS PROCESS IS CARRIED OUT. FIRST OF 
ALL* THE ONLY DATA KETRIEVED FROM THE REFLECTION RECORD (LOGICAL 15) OF 
THE BINARY DATA FILt ARE THE H, K, L, 1, SIGMA 1* I MINIMUM, THE NUMBER 
OF TIMFS FOR OPERATION, STATISTICAL PHASE, E, EPSILON, And THE ABSORBTION 
CORRECTION FACTOR. THIS MEANS IN EFFECT' THAT THE DATA OF THE ORIGINAL HKl 
CARDS ARE PESUPPLIEU FROM THE PDF, BUT ALL OTHER QUANTITIES SUCH AS SIN 
THETA OVER LAMBDA, 1/LP, INTERPOLATED SCATTERING FACTORS, ETC. ARE 
RECALCULATED FROM THE INPUT INFORMATION. T HESE OTHER DATA Are EITHER 
RETRIEVED FROM THE bDF OR FROM CARDS IN THE INPUT STREAM OF THE CURRENT JOB. 
ONE RESTRICTION MUS f BE OBSERVED FIRST AND MOST IMPORTANTLY* A =CONDIT= 

CARD MUST BE SUPPLIED AND THE CONDITIONS GIVEN ON IT MUST APPLY TO THE DATA 
AS ORIGINALLY PLACED IN THE FILE. FOR ANY KIND OF CARDS SUPPLIED WITH THE 
EXCEPTION OF =HKL= CARDS, IF ONE IS SUPPLIED, ALL OF THAT KIND MUST BE 

supplied and all that are supplieo must follow the usual order given in 

2.0ATRDN-B. 
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PROGRAM FOR PREPARATION OF SORTED DIFFRACTOMETER SETTING CARDS 


THIS PROGRAM WAS WRITTEN BY J.M. STEWART. ITS PURPOSE IS TO ALLOW THE 
OUTPUT OF =DIFSET= 10 BE SORTED INTO EFFICIENT ORDER FOR DRIVING A CARD 
CONTRO] LED DIFFRACTOMETER. THE SECTIONS l.PARAM# l.DIFSET. AND ESPECIALLY 
1 . DACT03 SHOULD BE READ , 

=DIFPCH= — READS THE OUTPUT 0^ =DIFSET= AnD SORTS THE REFLECTIONS IN SHELLS 
OF TWO THETA. WITHIN EACH SHELL IT SORTS ON PHI AND CHI SUCH THAT PHI ALWAYS 
ADVANCES ANO CHI GOtS BACK ANO FORTH. IT ALSO INSERTS GIVEN STANDARDS AT 
REGULAR INTERVALS ANU RESETS P h I IN EACH INSTANCE SO THAT IT WILL ALWAYS DRIVE 

forward, it then punches xru-e settings cards for use in the machine, these 
may be PUNCHED AS (FIXED CRYSTAL FIXED COUNTER) PEAK HEIGHTS, (Two THETA- 
MEGA ) SCANS OR PEAK HE I GHT-SC an PAIRS. THE LAST CASE MAy B£ USED FOR 
ATHERjNG INFORMATION FOR PEAK HEIGHT SCAN CONVERSION BUT =DATC03= OFFERS A 
BETTER METHOD FOR OBTAINING THESE SETTING CARDS, 
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DIFFRACTOMETER SETTING PROGRAM 


=OlFSET= WAS ORIGINALLY COQi-D BY STtVEN T, FREER AND JOSEPH KRAUT. 

IT WAS MODIFIED AMD ADAPTED TO THE SYSTEM BY HERMAN L. AMMON, AND THE 
SUBROUTINE FOR DETERMINING SYSTEMATIC ABSENCES WAS ADDED BY ROGER 
V. CHASTAIN. THE FORTRAN IV VERSION, WHICH INCLUDES PROVISIONS FOR 
MAKING A CONTROL TAKE OR CARD DECK FOR AN AUTOMATIC DIFFRACTOMETER, 

WAS PREPARED by flotd A, MAUER. 

THE PROGRAM WILL GENERATE MTLLER INDICES AMU COMPUTE SETTINGS FOR 
A DIFFRACTOMETER EQUIPPED WITH AN EULER I AN CRADLE (GONlOSTAT). FOR 
EACH HKL, SETTINGS FOR CHI, PHT, START TWO THETA, PEAK TWO THETA. AND 
STOP TWO THETA, AS WELL AS THE SCANNING TIvE, ARE COMPUTED. THE PROGRAM 
IS GENERAL FOR ALL SPACE GROUPS. 

NECESSARY INPUT DATA CONSIST OF CELL PARAMETERS AND THE ORIENTATION 
OF TWO RECIPROCAL AXES WITH RESPECT TO THE PHI AXIS AND THE Phl=0 
PLANE. CELL CONSTANTS MAY HE SUPPLIED ON A =CELL= CARD. OP THEY MAY 
BE LEFT IN MEMORY BY A rPARAM= RUN THAT PRECEDES THE =DIFSET= RUN. IN 
THE LATTER CASE. A =PARAMC= CAwO REPLACES THE =CtLL= CARO TO INDICATE 
THAT THE CELL CONSTANTS CAKE F«OM A PREVIOUS LEAST SQUARES REFINEMENT. 

SOM' CARE MUST Ba EXERCISED IN SPECIFYING THE ORIENTATION OF THE 
RECIPROCAL LATTICE ON THE GONlOSTAT . TWO RECIPROCAL LATTICE VECTORS DO 
NOT UNIQUELY FIX THi POSITION OF A THREE DIMENSIONAL LATTICE AND IT 
IS NECESSARY TO FOLLOW THE CONVENTION THAT A RIGHT HANDED SYSTEM OF 
AXES is BEING useo. when specifying A RECIPROCAL LATTICE VECTOR 
lying on the phi AXIS. A VECTOR MUST BF CHOSEN WHICH IS COINCIDENT WITH 
THE POSITIVE DIRECTION OF THE PHI AXIS ( I . E , , A VECTOR COMING OUT OF THE 
GONlOSTAT. NOT GOING INTO IT). 

THE SUBROUTINE TO GIVE REFLECTIONS IN AN ORDER SUITABLE For AUTOMATIC 
OPERATION WORKS BESI IF ONE OF THE RECIPROCAL AXES IS PARALLEL TO THE 
PHI AXIS OF THE DIFFRACTOMETER, SCANNING IS UP A ND OOwN ROWS PARALLEL 
TO PHI, THE PHI SEITING DOES *'OT CHANGE WITHIN A ROw. AND CAN BE MADE 
TO PROGRESS ALWAYS IN ONE DIRECTION TO MINIMIZE THE EFFECT OF BACKLASH. 

CHI AND TWO THETA CHANGE FOR EACH REFLECTION BUT DATA ARE TAKEN UP ONE 
ROW AND DOWN THE NEXT SO THAT MO TIME IS LOST IN RESETTING EITHER AXIS 
AT THE END OF A ROW. SETTINGS M A Y BE GENERATED AUTOMATICALLY FOR AS 
MUCH As A HEMISPHERE OR AS LITTLE AS AN OCTANT OF RECIPROCAL SPACE, 

THE TWO THETA SC«N RANGE MAv B£ CALCULATED IN THREE WAYS. TWO OF THE 
METHODS INVOLVE SUBIRACTING A ’QUANTITY' FROM THE TWO THETA FOR THE 
ALPHA ( t ) WAVELENGTH TO OBTAIN 'START TWO THETA* AND ADDING THIS 'QUANTITY* 
TO the TWO THETA for TH£ ALPHA ( 2 J WAVELENGTH TO OBTAIN 'STOP TwO THETA*. 

the presence of a =bakset= carp signals that this 'Quantity* will be 
constant (THE VALUE CONTAINED ON THE CARD) AnO NOT A FUNCTION OF TWO 
THETA. 

FOR COPPER RADI A ! ION , THIS 'QUANTITY* MAY BE OBTAINED FROM AN INTERNALLY 
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STOKEO TABLE (DETERMINED EMPIRICALLY BY THE J. KRAUT GROUP) AND IS A 
FUNCTION OF TWO THE (A. THE TAh|_E VALUES ArE AUTOMATICALLY APPLIED IF 
NEITHER OF THE OTHEK TWO OPTIONS IS CALLED (AS DETERMINED BY THE ABSENCE 
OF =BAKSET= AND =EONCON= CARDS). THE TABLE VALUES ARE 

TWO-THETA RANGE (DEGREES) TWO-THETA INCREMENT APPLIED (DEGREES) 


0 

- 

10 

0.75 

10 

- 

20 

0.75 

20 

- 

30 

0.7S 

30 

- 

40 

0.75 

40 

- 

50 

0.80 

50 

- 

60 

0.80 

60 


70 

0.80 

70 

4W 

80 

0.85 

80 

- 

90 

0.85 

90 

- 

100 

0.85 

100 

- 

iio 

0.85 

110 

- 

120 

0.85 

120 

- 

130 

0.95 

130 

- 

140 

0.95 

140 

- 

150 

1.05 

150 

- 

160 

1.20 

160 

- 

170 

1.20 


THE THIRD OPTION IS SIGNALLED BY THE PRESENCE OF AN =EONCON= CARD 
CONTAINING THE. CONSTANTS ’A’ AND »B» . THE S E QUANTITIES ARE USED IN THE 
FOLLOWING EQUATION 

TWO THETA SCAN RANGE s A + B*TAN(TME T A) 

FACTORS (E.G., CRYSIAL SIZE. CRYSTAL MOSAIclTY. AND SOURCE SI2E> INFLUENCING 
THE SCAN RANGE BUT WHICH ARE CONSTANT FOR A GIVEN CRYSTAL VAy BE LUMPED 
INTO .A* WHILE SPECTRAL DISPERSION, A FUNCTION OF THETA, MAY BE EXPRESSED 
BY THE SECOND TERM. THE AVERAGE OF THF TWO THETA’S FOR THE ALPHA ( 1 ) AND 
ALPHA ( j> ) WAVELENGTHS IS DETERMINED AND HALF OF THE ABOVE RANGE USED TO 
CALCULATED ’START* AND ’STOP'. VALUES RECOMMENDED By ALEXANDER AND SMITH 
(1) FOR A AND B ARE 1.80 AND 0.86 FOR COPP E R RADIATION, AND 1.80 AND 1.00 
FOR MOLYBDENUM. (THESE ARE TYPICAL VALUES FOR A DIFFRACTOMETER OF THE 
RADIUS OF THE G.E. XRD-6.) 

OUTPUT FROM THE PROGRAM MAY BE IN SFVERaL FORMS. PRINTED OUTPUT 
IS ALWAYS FURNISHEO. SETTING CARDS CONTAINING THE SAME INFORMATION 
are OPTIONAL. IF THEY ARE MADE, punching of CARDS FOR REFLECTIONS 
THAT ArE SYSTEMATICALLY ABSENT IS OPTIONAL, A CONTROL TAPE OR CARD 
DECK FOR AN AUTOMATIC DIFFRACTOMETER IS GENERATED IF AN =XRDC= CARD AND 
AN =XRDFMT= CARD ARE SUPPLIED. (AT NBS A =TTYFMT= CARD IS ALSO REQUIRED.) 

DATA ON THE =XRDC= CARD DETERMINES WHETHER 

(1) A CARD DECK, OR 


(2) A MAGNETIC TAPE FOR OFF-LINE PUNCHING 
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WILL BE MADE, THE I APE FOR PUNCHING MAY BE OBTAINED WITH TEN CHARACTER 
COMMAND WORDS ONLY * AS REQUIRE!’ BY DATfcX PAPER-TAPE INPUT DIFFRACTOMETERS , 
OR WITH TELETYPE CONTROL CHARACTERS BETWEEN THE COMMAND WORDS. 

THE CHARACTERS THAT OCCUR ON THE MAGNETIC TAPE WILL BE THE INTEGERS 
0_o AND ANY OTHERS IHAT MAY HE WRITTEN IN THE 5A1 FIELDS OF THE =xrdfmt= 
CARU, THE RECORDS WILL CONTAIN A VARIABLE NUMBER OF CHARACTERS THAT 
ARE TO BE PUNCHEO AND ARE FILLFO WITH BLANKS TO MAKE 120 CHARACTERS 
IN EACH RECORD. THfcSE BLANKS "UST NOT BE PUNCHED, IF THE =TTyFMT= 

CARD IS USED (NBS ONLY) THE FOi’R CHARACTERS <B> A, C, +) OCCUR AND 

ARE TO RE TRANSLATEU TO THE ASCII (AMERICAN STANDARD CODE FOR INFORMATION 

INTERCHANGE) CODE FUR CARRIAGE RETURN, LINE FEED* SPACE* AND 

ASTERISK, RESPECTIVELY. DIFFERENT CHARACTERS MAY BE SELECTED FOR THESE 

PURPOSES BY CHANGING THE DATA STATEMENT - 


DATA ICR,LF.ISHACE,ISTAR /1HS , 1H * , 1H= , IH* / 

IN SUBROUTINE XRY27b. THE CHARACTER BLANK ( IBLNK IN SUBROUTINE XRY276) 
AND ANY CHARACTERS IHAT WILL OrCUR AS BEGIN WORD CODES OR IN COMPOUND 
IDENTIFICATION CODEb MUST BE AVOIDED. 


THE CODE THAT IS TO BE PUNCHED IN THE PAPER TAPE MAy DIFFER FOR 
INDIVIDUAL DIFFRACTOMETERS. A*'Y DISTINCTIVE CHARACTER MAy BE USED 
FOR ANy BEGIN WORD LOOE IF IT IS TRANSLATED APPROPRIATELY BEFORE PUNCHING. 
FOR EXAMPLE, THE CHARACTERS THAT ARE USED FOR THE GE-DATEX CARD 
INPUT DIFFRACTOMETER ARE SUITAhLE FOR THE pAPER-TAPE INPUT MACHINE IF 
THE FOLLOWING CONVERSION TABLE IS USED. 


TYPE OF , BEGIN WORD TAPE CODE 
WORD COUfc 87664.321 


HKL 

CHI 

PHI 

TWO-THETA 

OMEGA 


w 010**0.110 

r 010(11.000 

/ OlO'JO.OOl 

b 010**0.010 

U 010"0.100 


(DIGITS) 


0-9 fl-4-P-l BCD 


IF THE TAPE IS TO BE PUNCHED I* ASCII CODE, TWO SETS OF LETTERS GIVE 
THE REQUIRED BIT CONFIGURATION'! IN CHANNELS 1-4 AND 7* WHICH ARE THE 
ONLY ONES THE EQUIPMENT RE6US. THE DIGITS 0-9 ALSO CONFORM WITH RESPECT 


TO THESE CHANNELS, 




TYPE OF 

BEGIN WORD 

TAP*- CODE 

BEGIN WORD 

TAPE CODE 

WORD 

COUE 

87664.321 

CODE 

87654.321 

HKL 

F 

1101*0. 110 

V 

01010 . no 

CHI 

H 

0101*1.000 

X 

11011.000 

PHI 

M 

0101*0.001 

0 

11010. 001 

TWO-THETA 

B 

010**0.010 

R 

11010, 010 

OMEGA 

U 

010(10,100 

T 

11010,100 


(AT NBS* X*Q*R* ANU T ARE USE** FOR AXIS POSITION COMMANDS AND F IS 
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USED FOR HKL IDENTIFICATION DATA TRANSFER.) 


CONSIDERABLE FLEXIBILITY IN GENERATING the DIFFRACTOMETER tape or 
CARUS IS PROVIDED. THE PR0GRA« IS DESIGNED AROUND A TEN-CFiARACTER 
COMMAND WORD SUCH AS IS USED BY THE GE-DATEX DIFFRACTOMETER# BU* OTHER 
FORMATS CAN BE OBTAINED. AS M®NY AS TWELVE COMMAND WORDS C*N BE SPECIFIED 
FOR MEASUREMENTS ON EACH DATA REFLECTION AND < INDEPENDENTLY) ON UP 
TO NINE STANDARD REFLECTIONS. IF FEWER THAN TWELVE COMMANDS ARE USED 
FOR A REFLECTION# THE UNUSED O^'ES ARE IGNORED. THE SAME IS TRUE IF 
FEWER THAN NINE STANDARD REFLECTIONS ARE SPECIFIED, 

THE CURRENT OATA REFLECTION. WHICH CHANGES EACH TIME A NEw HKL IS 
GENERATED, AND THE nine STANOORDS are NUMBERED sequentially From 1 
TO 10 FOR IDENTIFICATION. THE DATA REFLECTION IS ALWAYS NUMBER 1. 

THESE NUMBERS APPEAR ON THE sSTDREF - • =XRDFMT=# AND =TTYFmT= CARDS TO 
INDICATE WHICH REFLECTION THEY APPLY TO, ALL THE CARDS FOR A GIVEN 
STANDARD MUST HE TOGETHER, FOLLOWED BY THE =HKL= OR SETTING CARD THAT 
DETERMINES WHICH REFLECTION IS TO BE *'FASUrED. ALL STANDARD REFLECTIONS 
MUST BE ORDERED ACCORDING TO IDENTIFICATION NUMBER. PARAMETERS ON THE 
=STUREF= C«RD DETERMINE HOW MANY DATA REFLECTIONS ARE TO BE DONE BEFORE 

that standard is inserted, all reflections within the index and angle 
limits (INCLUDING SYSTEMATICALLY ABSENT REFLECTIONS, 3uT NOT STANDARD 
REFLECTIONS) ARE COUNTED. DURING EACH OUTPUT CYCLE COMMANDS FOR ONE 
DATA REFLECTION. ANU ANY STANDARD REFLECTIONS WHOSE TURN HAS CO M E UP, 

ARE PUT ON THE DIFFRACTOMETER CONTROL TAPE OR IN THE CARD DECK. 


EITHER AN =HKL= CARO OR A SETTING CARD MAY BE USED TO PROVIDE THE 
SETTING ANGLE DATA FOR A STANDARD REFLECTION. AN =HKL= CARD CAUSES 
SETTINGS TO BE COMPUTED, THE TNDEX AND ANGLE LIMITS ArE CHECKED, AND 
THE PHI ANGLE CORRECTION, IF Aa'Y* IS APPLIED. SETTING CApDS (GENERATED 
BY THIS PROGRAM IN A PREVIOUS RUN, OR PUNCHED IN THE SAME FORMAT) MAY 
BE USED TO PROVIDE UP TO FIVE ANGLE SETTINGS. THE INDICES AND THE 
ANGLES IN THE CHI, PHI, START TWO THETA, PfAK TWO THETA. AND STOP TWO 
THETA FIELDS ARE UStU AS SPECIE IED ON THE =XRDFMT= CARD. THERE ARE NO 
CHECKS MADE, AND FICTITIOUS IN"ICES AND ANGLES MAY BE USED FOR SPECIAL 
PURPOSES SUCH AS CHECKING ARC ALIGNMENT, Tv/O THETA DRIFT, AND CRYSTAL 
DETERIORATION. IT iS POSSIBLE TO USE TWO STANDARD REFLECTIONS TOGETHER 
TO MANIPULATE AS MANY AS TEN A»'GLE SETT ING 5 WITH AS MANY AS 24 COMMANDS, 


ONLy THE FIRST =HKL= OR SETTING CARD AFyER A =STOREF= CARD IS TREATED 
AS A STANDARD REFLECTION, ANY OTHERS ARE TREATED AS DATA REFLECTIONS. 
THUS IT IS POSSIBLE TO USE =HKL= AND SETTING CARDS AS INPUT TO THIS 
PROGRAM IN ORDER TO PREPARE A CONTROL TAPE OR CARD DECK IN A SPECIAL 
ORDER OR FOR A FEW SCATTERED REFLECTIONS. 


IT IS WISE TO CHECK OUT THE PROCESSING oE OUTPUT DATA BEFORE RUNNING A 
LARGE JOB, 


REFERENCE 

————————— 1 ii 


(1) ALEXANDER, L.E, AND SMI TH, G. S. , =SINGLE CRYSTAL 0 IFFR ACTOMETRY - THE 
IMPROVEMENT OF ACCURACY IN INTENSITY MEASUREMENTS » 

ACTA CRYS I # , VOL 17, 1195 (1964), 
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BINARY DATA FILE DUMP, COPY* OR PUNCH 


sDUMCOPs WAS WRITTEN By J.M. STEWArT, 

THIS LINK IS DESIGNED TO AID IN CHECKING OUT NEW PROGRAMS. IT WILL 

dump the contents of the binary data file, physical record by physical record. 

THE ALPHANUMERIC MAIERIAL IN T H E FILE WILL NOT BE PRINTED CORRECTLY BUT AlL 
INTEGERS ANO FLOATING POINT QUANTITIES WILL BE PRINTED PROPERLY. 

THIS LINK MAY ALSO BE USED TO SIMPLY COPY THE BINARY DATA FILE. THIS 
FUNCTION MAY BE FOUND USEFUL WHEN ONE WISHES TO TRANSFER A FILE FROM ONE MASS 
STORAGE DEVICE TO ANOTHER (E.G, DRUM OR DISC, TO TAPE). 



l.FC - 1 71 

04/22/72 


PROGRAM FOR THE CALCULATION OF STRUCTURE FACTORS 


THF BASIC PROGRAMMING OF THE STRUCTURE FACTOR PROGRAM WAS DONE BY 
JAMES M. STEWART at the OHIO STATE UNIVERSITY DURING 1958-1960 FOR THE 
IBM 704 . THIS PROGRAM WAS WRITTEN FOR THE IBM 709 By JAMES M. STEWART 
AND OApRELL HIGH AT THE UNIVERSITY OF WASHINGTON DURING 1Q60-1962. 
the current fortran version was prepared in 1965 by Robert braun 

and J, m, STEWART. THE LATEST VERSION (1970) WAS WRITTEN BY F.A. KUNDELL. 

THE STRUCTURE FACTOR CALCULATION IS ACCOMPLISHED IN TWO STEPS - THE 
FIRST READS THE ATOM PARAMETERS FROM THE BINARY DATA FILE AND GENERATES 
THE Full CELL OF ATUMIC COORUINATES* AND ThE SECOND CALCULATES the STRUCTURE 
FACTORS. 

THIS METHOD OF CALCULATING STRUCTURE FACTORS IS USEFUL IN THAT IT 
IS A FASTER METHOD FOR STRUCTURE FACTOR SUMMATION BECAUSE Or THE SIMPLER 
SUMMATION ALGORITHM. IN ADDITION TO THIS FEATURE THE PROGRAM Is FASTER THAN A 
LEAST SQUARES PROGRAM BECAUSE NO DERIVATIVES ARE CALCULATED. IT THUS 
SERVES AS THE BEST LINK TO USE WHEN FIkED ATOM STRUCTURE FACTORS ARE 
PREPARED OR WHEN ONt WISHES TO CALCULATE STRUCTURE FACTORS To GIVE PHASES, 

FOR EXAMPLE, FOR A fO'JRIER OR DIFFERENCE FOURIER CALCULATION, 

SINCE THE PROGRAM GENERATES ALL THE ATOMS IN THE UNIT CELL t THE 
RESTRICTIONS ON NUMBERS OP AfO"S IS DEPENDENT ON THE NUMBER OF SYMMETRY 
OPERATIONS SUPPLIED AT DATA REDUCTION TIME, FOR A TRICLIMlC CELL, PI OR 
Pi bar, the PROGRAM WILL HANIUJ- THOUSANOS OF ATOMS IN THE ASYMMETRIC UNIT 
CELL, t hE LIMIT DEPENDING UPON SPECIFIC MACHINE STORAGE AVAILABILITY. 

EACH OF THE ATUM TYPE SCATTERING FACTORS MAY HAVE THE TEMPLETON 
DISPERSION CORRECTION (2,3) APPLIED AS DESIRED IF THESE CORRECTION DATA 
HAD BEEN STORED IN I HE BINARY FILE DURING DATA REDUCTION. 

(1) F ( J ) = F ( J ) + FMJ! + F'MJI WHERE F(J> IS THE SCATTERING FACTOR 
from the TABLES SUPPLIED AT U AT A REDUCTION, FMJ) IS THE TEMPLETON 
CORRECTION TO THE RtAL PART OF THE SCATTERING FACTOR, F'MJ> THE 
IMAGINARY PART OF THE DISPERSION CORRECTION. 

IN ADDITION TO THE CALCULATION OF THE STRUCTURE FACTOR FOR EACH REFLECTION 
IN THE BINARY DATA FILE, THE PROGRAM WILL APPLY THE EXTINCTION CORRECTION. 

SEE =1,DATPDN= FOR A COMPLETE DESCRIPTION 0 F THIS FACTOR, 

THE PROGRAM OPtRATES IN FOUR TEMPERATyRE FACTOR M 0 DE 9 - 

(1) OVERALL 

(2) INDIVIDUAL ISOTROPIC 

(3) INDIVIDUAL ANISOTROPIC 
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(4) INDIVIDUAL MIXtO ANISOTROPjC AND ISOTROPIC. 

PROVISION HAS BEEN WADE TO LIST THE STPUCTtiRE FACTORS. DISPLAYED IN 
THIS LISTING ARE - H . K , L. SIN< THETA (/LAMBDA. SCALE GROUP. F OBSERVED, 

F CALCULATED, A, B, DELTA F, WEIGHTED DELTA F, THE PHASE OF THE REFLECTION 
FROM THE VALUES OF A ANO B AND THE PHASE ANGLE FROM DIRECT METHODS (IF 
IT HAS BEEN PLACED IN THE BINARY DATA FILE FOR A GIVEN REFLECTION). THERE 
IS A CONTROL OVER WHETHER THE i.'ISPERSION CALCULATION IS TO BE CARRIED OUT OR 

not. there is also an option to cause statistics to be printed out which show 
how thf reflection uata is sorted on the binary data file, this feature is 

USEFUL AS a CHECK BtFORE =LISTFC= IS TO BE USED. IT PERMITS ONE TO KNOW THAT 
THE data ARE SORTED IN AN APPROPRIATE MANNER FOR FINAL LISTING, THE 
ABILITY TO CARRY OUI =PARTIAL CONTRIBUTIONS CALCULATIONS IS A FEATURE OF 
THIS Program WHICH ALLOWS THE CALCULATION TO BE CARRIED OUT FOR VERY LARGE 
STRUCTURES. SEE l.GtNRL -SYSTEM TERMINOLOGY- PARTIAL CONTRIBUTION FOP A 
UETAILED DESCRIPTION OF THIS OPTION. BOTH x-RAY AND NEUTRON DAT* MAY BE 
HEATED. 

CfRTAIN OTHER FUNCTIONS AWE CALCULATED AS A LOGICAL ADJUNCT TO THE 
STRUCTURE FACTOR CALCULATION, THESE ARE 1)THE NUMBER OF ATOMS BEING TREATED, 

2) THE NUMBER OF REFLECTIONS BEING TREATED, 3) THE NUMBER OF OBSERVED REFLECTIONS 
(JCODE = l).4> THE NUMBER OF UNOBSERVED REFLECTIONS (JCODEs?). 5) THE NUMBER 
OF REFACTIONS IGNORED ( JCODEs^. 4 , 5 ) » 6) THE NUMBER OF REFLECTIONS WHERE THE 
THE RATIO OF FO/FC LIES OUTSIO THE RANGE o.l TO 10., I.E. THE NUMBER OF 
REFLECTIONS IN VERY SERIOUS UI ^AGREEMENT , 7) THE OVERALL LINEAR SCALING RATIO, 
I.E. THE SUM OVER ALL THE REFLECTIONS OF ArS < FC ALCULATED ) DIVIDED BY THE SUM 
OF ABS(F OBSEKVEU) , 8) THE SLOPE OE LN(FO/FC) VS ( SIN ( THETA ) /LAMBDA ) **2 , I.E. 

AN INDICATOR OF THE GOODNESS OF THE TEMPERATURE FACTOR(S) APPLIED, 9) THE 
F RELATIVE SCALE FACTOR, I.E, THE SUM OF ABS(E CALCULATED) DIVIDED BY THE SUM 
OF AbS(F RELATIVE), ANS FINALLV 10) THE CONVENTIONAL R VALUE, I.E. THE SUM OF 
ABS(DELTA F) OIVIDEU BY THE SU« OF AHStF OBSERVED), 


LITFRATUPE CITED 


(1) CPUICKSHANK , D.W.J.S ACTA CRYST, (1956). VOL 9, PAGE 747-750. 

(2) I.U.CR., s INTERNATIONAL TABLES FOR CR Y STALLOGRApHY=. BIRMINGHAM, 

THE KYNOCH PRESS. VOLUMF' 3, sPHYSICAL AND CHEMICAL TABLESs (1960) 
PAGES 213-21G. 

(3) Peterson, s.w,* nature u°55). volume i76» page 395 , 
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FOURIER SYNTHESIS PROGRAM 


THE INITIAL PLAN FOR PROGRAMMING THE FOURIER synthesis program was 
WORKED OUT BY LYLE H, JENSEN A^'D DARRELL F, HIGH. THE INITIAL PROGRAMMING 
WAS OOnE By DARRELL F, HIGH AND BROUGHT TO ITS PRESENT FORM BY 
JAMES R. HOLDEN, JAMES M. STEWART, AND HIROSHI TAKEDA. 

THE REFINEMENT OF CRYSTAL STRUCTURES IS FACILITATED RY USE OF FOURIER 
TRANSFORMS. COCHRAN AND LIPS0h (1), BUERGER <21* AND MANY OTHERS SUPPLY 
INFORMATION ON THE USE OF THIS VALUABLE TECHNIQUE. THIS FOURIER PROGRAM 
WAS DESIGNED TO HAVE A NUMBER OF FEATURES- 

1. AUTOMATIC OPERATION FOR ALL SPACE GROUPS 

2. ANY CONVENIENT Grid (E.G.- 1/GO. 1/13, 1/373) OR AUTOMATIC LAYOUT 
TO INCH/ANGSIKOM SCALE IF DESIRED 

3. PRINT OUT OF FOURIER MAH READY TO BF CONTOURED, OR 

WITH SUPPRESSION OF BACKGROUND TO FACILITATE THIS OPERATION OR 
PERHAPS ELIMINATE ITS NECESSITY 

4. MANY OPTIONS FOR COEFFICIENTS 

5. REASONABLE SREEO 

6. NO RESTRICTIONS ON REFLF CT ION ORDER (EXCEPT FOR MAXIMUM SPEED) 

7. PREPARE A BINARY FILE OE THE MAP TO SERVE AS INPUT TO OTHER ROUTINES. 

A PAPER BY JURO WASER (3) ANO A MONOGRAPH BY LIPSON AND TAYLOR (4) 

SERVE TO POINT THE WAY IN WHIC.h CONDITION (A) MAY BE MET, A SYMMETRY 
RELATIONSHIP IN REAL SPACE CAUSES AN EQUIVALENT SYMMETRY RELATIONSHIP IN 
RECIPROCAL SPACE, T"E TRANSPOSED ROTATION MATRIX BEING APPLIED TO THE 
INDICES H, K, AND L* AND THE TRANSLATION MODIFICATION OF THE PHASE OF THE 
SYMMETRICALLY RELATtU REFLECTION. THE ACTUAL FOURIER SUMMATION IS ACCOMPLISHED 
BY SUMMING ALL SPACE GROUPS AS IF THEY WERE TRICLINIC, JSING THE 
METHOD OF FACTORING SHOWN IN JENSEN AND STOUT, X-RAY STRUCTURE DETERMINATION, 
SECTION 9,2* P. 246 ET, 5EQ, 

THE BINARY DATA FILE* HOW'VER, CONTAINS ONLY A UNIQUE SET OF REFLECTIONS 
PLUS THE NECESSARY INDICATORS TO MAKE POSSIBLE THE AUTOMATIC 
GENERATION OF SYMMEiRY RELATED REFLECTIONS, THE DATA REDUCTION PROGRAM 
ANALYZES THE SPACE GROUP SYMMETRY OPERATIONS FOR A SET OF ROTATION MATPICES 
(R) ANO TRANSLATION VECTORS (T) WHICH ARE STORED IN THE BINARY DATA FILE. 

THESE GENERATIONS ARE APPLIED TO EACH UNIQUE REFLECTION ANO A SET OF CODES 
ARE FORMED WHICH DEB INE FOR EACH UNIQUE REFLECTION THE OPERATIONS NECESSARY 

TO GENERATE THE symmetrically related reflections, the operations may 

INCLUDE SIGN CHANGE^ AND PERMUTATIONS OF H, K, AND L, AND PHASE ROTATIONS 
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OF A AND B. THE FOUKIER PROGRAM USES THESE CODES TO DELIVER THE CORRECT 
GENERATED SET (PROPERLY COMBINED A(H,K.L), A(-H,K,L>. A ( H , -K , L ) » A ( H * K , -L ) 

AND SIMILAR B TERMS) FOR THE SUMMATION, 

the calculations are done by factoring the three-dimensional summation 

INTO THREE ONE-DIMENSIONAL SUMMATIONS, AFTER THE MANNER OF BEEvERS 
AND LIPSON. SUMMATION IS CARRIED OUT OVER ONE HEMISPHERE OF RECIPROCAL 
SPACE, SYMMETRY RELATED REFLECTIONS BEING GENERATED FROM A UNIQUE SET OF 
OBSERVATIONS. 

the symmetry OPERATIONS OP the space-groups may be WRITTEN in terms 

OF ROTATION MATRICES <R) AND TRANSLATION VECTORS (T) (SEE FQUATlON 1). 

WASERS RESULT* IN MATRIX NOTATION, IS GIVEN IN EQUATION (?). 

table *********** gives ail allowed values for phase changes in 
the CRYSTALLOGRAPHIC space groups, also tabulated are the effects of 
THE real and imaginary PARTS oh F i H ) . IN addition to the phase change, 

THE PRCRLEM OF THE GENERATION OF THE SYMMETRICALLY RELATED INDICES 
(R-PRIME H) MUST BE HANDLED. 

FOR NON-DIAGONAL ROTATION':, THE MAGNITUDE OF H , K * L AS WELL AS THE 
SIGNS WILL BE ALTERtU. 

IN THE FOLLOWING DISCUSSION, THE CONCe.PT OF SCANNING OR SUMMATION 
ORDER WILL BE USED - THUS, H ( 1 > IS THE INDEX SUMMED OVER FIRST AND X(l) 

THE CORRESPONDING COORDINATE WILL BE GENERATED. IT VARIES FROM PAGE-TO- 
PAGfc (SECTION-TO-SECTION) IN T-E OUTPUT. SIMILARLY, H(2> IS SUMMED 
SECOND AND X<2) VARIES VtRTICAILY ( L INF-TO-L INE ) DOWN THE PAGE, WHILE 
H(3» IS SUMMED THIHU AND X ( 3 ) ''ARIES HORIZONTALLY (POINT-TO-POINT) ALONG 
THE line. on THE OIHER HAND, THE NOTATION X, Y, Z, AND H. K, l REPRESENTS 
THE. COORDINATES AND INDICES REFERRED TO THE IR CONVENTIONAL AXES. 

PROGRAM INPUT IS ALWAYS IN TtR«S OF THE CONVENTIONAL DIRECTIONS* THE 
SCANNING ORDER BFINO SPECIFIED ON TPF. rLAYOUT: CARD OR CHOSEN AUTOMATICALLY 
IF THE =LAYOur= CARD IS OMITTED. IT IS SOMETIMES NECESSARY* HOWEVER* TO 
CONSIDFR THE SCANNING ORDER. ESPECIALLY with regard TO PROGRAM LIMITATIONS 
WHICH t. RE DESCRIBED BELOW. 

IN ORDER TO SIMPLIFY THE i'SE OF THE FOURIER PROGRAM AND MAKE 
INTERPRETATION EASILK it IS POSSIBLE TO LEAVE OUT THE =LAyCUT= CARD 
and let THF program ESTABLISH GRID DIVISIONS BASED ON A CONSIDERATION OF 
RESOLUTION DESIRED AND CHARACTER POSITIONS OF THE L i ME PRINTER, AN 
ARTICLE IN SCIENCE, VOL 143 NO. 3611, 11b2_1163 (1964) GIVES A METHOD 
SUGGESTED BY J. 0. H. DONNAY And h, TAfcDA. THE PROGRAM iiSES AN 
IMPROVEMENT OF THIS APPROACH. A FOUR If R LAID OUT IN THE FOLLOWING 
MANNER RESULTS IN DEVELOPING TPE ELECTRON OR PATTERSON OR DIFFERENCE 
FOURIER AT THE APPROPRIATE POINT. IN THE AUTHORS TERMINOLOGY THE MACHINE 
GRIL) POINT. IN OROUK TO PRINT OUT UNuFFOKmED SECTIONS TRUE TO A SPECIFIED 
SCALE (IN ANGSTROMS/ INCH) i HE FOLLOWING VALUES MAY BE SUPPLIED IN 
THE =LAYOUT= LARI) OH IF THE =L#YOUT= CARD IS OMITTED THEY WILL BE SUPPLIED 
AUTOMATICALLY - 

1 , THE COSINE OF THE ANGLF ALPHA, BETA* OR GAy.MA (QU) BETWEEN THE AXIS 
IN THE PH IN I ED PAGES (SUM DIRECTIONS 2 AND 3) 

2, THE NUMBER OF DIVISIONS ACROSS THE PAGE ITHIRD SUM DIRECTION) (MUST 
BE EQUAL TO (CELL LENGTH ( 3 ) * ( INChES/ ANGSTROM ) * 10 . 0 )/( NUMBER OF 
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CHARACTER POSITIONS PER FOURIER 6R JD COLUMN)) 

3. THE NUMBER OF DIVISIONS DOWN THE PAGE ( SECOND SUM DIRECTION) (MUST BE 
EQUAL TO ( Cr.LL LENGTH ( r > ) * SIN(QU) * (INCHES/ANGSTROM * 6.0)/(NUMBER 
OF PRINT LINES PER EAC« FOURIER GRID LINE)) 

4, THE NUMBER OF DIVISIONS FROM PAGE TO PAGE (MAY REPRESENT ANY SENSIBLE 
RESOLUTION (E.G. QUART* - R OR THIRD ANGSTROM)). REMEMBER THAT IF THERE 
IS AN ANGLE BETWEEN ANY AXIS AND THE PAGE TO PAGE AXIS, THEN ONE 
MUST OFF-SEI EACH LAYEp ACCORDINGLY. 


THp FOLLOWING COEFFICIENTS ARE PRESENTLY CODED INTO THE FOURIER 
PROGRAM. 

1. UNUSED 

2. PATTERSON a = <F0**2> AS COEFFICIENT. 

3. VECTOR MAP SHARPENED, ORIGIN REMOVED PATTERSON. rDAjrTXr MUST BE RUN 

FIRST <=NORMSF= WILL NOT DG AS IT PUTS FPSILON INTO THE 
APPROPRIATE REFLECTION v.CRD IN THE JULY 1970 RELEASE! IN 
ORDER TO GENERATE E VALljES. 

4. FO FOURIER SUBSTITUTE t-O/2 FOR LESS-THANS AND THEN TEST ALL 

REFLECTIONS - IF (Fn * rR - ABS(FCJ) L^SS THAN ZERO, 

I HEN REFLECTION IS used, WHERE (HR) IS A REJECTION 
RATIO SUPPLIED IN ThE =FOURR= CARD. IF AN ( RR ) IS 
NOT SUPPLIER, (RR! IS ARBITRARILY S£T EQUAL TO ZERO 
SO THAT ALL REFLECTIONS ARE USED. SUBSTITUTE .FC POP 
' FO FOR EXTINCT REFLECTIONS (IF ANY). 

5. UNUSED 

6. FO FOURIER PHASE ANGLES DETERMINED FROM THE PHASE OF THE 

OUASI-NCRMAi. IZEO STRUCTURE FACTORS FOR ONLY THOSE 
REFLECTIONS OF • KNOWN* PHASE. CRITERIA OF TYPE 4 APE 
USED, REJECTING ALL LtiSS-THANS. 

7. FC SYNTHESIS USES 6 l-L REFLECTIONS WITH MAGNITUDES AND PHASES 

OF THE CALO'LATED STRUCTURE FACTORS A$ AMPLITUDES. 

8. DELTA-F IEST OBSERVED REFLECTIONS - IF (FO * RR - AfiSiFC)) 

CESS THAN ZERO,' reflection is used, where ( r H ) is A 
REJECTION R«TIO SUPPLIED I;J The =FOU*S= CARD. ~F AN 
(HR) is NOT SUPPLIED, (RR) IS ARBITRARILY SET EQUAL 
10 ZERO THUS MAKING A ZERO-PERCENT RULE. TEST LESS- 
I HANS - IP !FO - ABS(FC)) lESS-THAN ZERO REFLECTION 
IS USED. REJECTS AT L ExTIWCT REFLECTIONS (IF ANY). 

(E.G.- HR r 0.50 IS 50-PERCENT RULE, AND hr = 1.00 
ib 100-PERC-NT RULE). 

9. DELTA-F FOR OBSERVE: 1 REFLECTIONS, EACH DELTA-F IS MULTIPLIED 

BY THE LEAST SQUARES weight - (W * (FO - A8S ( FC ; ) ) . 

IEST LESS-T U ANS - IF (Fo - ASS(FC)) LErr THAN ZERO, 
REFLECTION IS USED. REJECT ALL EXTINCT REFLECTIONS 
(IF ANY). 
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10, UNUSED 

U, DELTA-F OBSERVED REFLECTIONS ONLY. REJECT ALL LESS-THANS AND 
EXTINCT REFLECTIONS (IF ANY). 

12. DELTA-F VARIABLE WEIGHTING APPLIED - WHERE W = (ABS(FC)/FO) » 
10 ALL OBSERVED REFLECTIONS AND LESS-THANS WHERE 
(ABS(FC) GREATER THAN FmIN). REJECT LESS-THANS 
where (AHS(FC) LESS THAN FMIN) AND ALL EXTINCTIONS 
(IF ANY). 


13 E MAP USES QUASI— FORMAL I ZFD STRUCTURE FACTORS <E) GENERATED BY 

* =DATFIX= OR =NORMSF= AS COEFFICIENTS. PHASES PREDETERMINED 

tfc.G. FROM •'ABLE ANU KArLE SYMBOLIC ADDITION PROCEDURE). 
REJECT ALL REFLECTIONS WITH UNDETERMINED PHASE. REJECT 
WHEN THE MAGNITUDE OF <E> IS LESS THAN ( RR ) , REJECT ALL 

less-than reflections, estimated phases must have been 

PLACED IN TRE binary OAtA FILE BY USE OF =PHASE=. 

=TANG£N=. =PODIFY=, OR similar program. 


14, E MAP PHASES FROM A STRUCTURE FACTOR CALCULATION. REJECT WHEN 

I HE MAGNITUDE OF (E) IS LESS THAN (RR), REJECT ALL 
LESS-THAN REFLECTIONS. 


NOTE THAT THERE ARE TWO SCALE FACTORS OF IMPORTANCE IN THE FINAL 
VALUES PRINTED FOR t HE FOURIER SUMMATION. THE FIRST IS THE SCALE OF F 
RELATIVE WHICH APPLIES ONLY TO THE CALCULATION TYPES WHICH USE F RELATIVE. 

IN GENERAL THE F RELATIVE SCALP FACTORS ARE USED TO PUT THE 
F RELATIVES ON THE SCALE OF ABSOLUTE F CALCULATED. ONCE THIS 

IS DONE, THE OTHER SCALE FACTOR BECOMES IMPORTANT. THIS IS CALLED THE 
ELECTRON DENSITY SCALE FACTOR AND IS SUPPLIED IN THE =F0(JPR= CARD. AS 
A ROUGH GUIDE WHEN USING THE PROGRAM IN THE 4 COLuMNS/GRID POINT MODE 
THE FOLLOWING RULES MAY BE APPI IED FOR ORGANIC COMPOUNDS WITH ATOMS 
LIGHTER THAN BROMINE 

COEFFICIENT TYPE ELECTRON DENSITY SCALE UPPER LIMIT LOwER LIMIT 


F**? 

.1 

10 

-999 

F 

10. 

10 

-99 

DELTA F 

100. 

9 

-9 

E**2 

1000. 

10 

-999 

E 

1000, 

10 

-99 


ONCE THE CALCULATION SWITCHES ARE SET THE PROGRAM READS, REFLECTION 
HY REFLECTION, THE UNIQUE SET SUPPLIED ON T HE BINARY DATA FILE, IT 
WILL REJECT ANY REFLECTION HAVING A (SIN THETA ) /LAMBDA OR H OR K OR L 
GREATER THAN SPECIFIED ON THE "MAXHKLr CARD OR THE VALUE STORED IN THE BINARY 
DATA pile at data REDUCTION TI'^E IF NO =MAxHKL= CARD USED. ON THE 
FIRST PASS THROUGH I HE BINARY DATA FILF FOS MAY BE PRINTED IF THE 
USER So DESIRES. ALL THE REFLECTIONS IN THE FILE ARE LISTED, AND THOSE 
REFLECTIONS REJECTEU ARE MARKED WITH =P=. THE CORRECT COEFFICIENTS 
ARE FORMED FOR THE CURRENT REFLECTION AND CONTRIBUTED TO THE FIRST 
SUMMATIONS. (NO SORTING IS' REQUIRED EXCEPT TO GAIN MAXIMUM COMPUTING 
SPEED.) ONCE ALL REFLECTIONS IN THE BlNARy DATA FILE HAVE BEEN TREATED, 

THE SECOND ANO THIRD SUMS ARE CALCULATED F£)R ALL THE FIRST SUM COEFFICIENTS 
STORED, 
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THE FOURIER CALCULATION SUBROUTINE WHICH DOES THE ACTUAL FOURIER 

summation contains * provision for breaking the summation up into an 

OPTIMUM NUMBER OF PASSES. THIS IS DONE WHEN THE WHOLE CALCULATION CANNOT 
BE ACCOMPLISHED IN A SINGLE PASS THROUGH THE BINARY DATA PILE, FOR EXAMPLE 
THE FOLLOWING LIMITATIONS MAY apply (DEPENDING UPON 32000 WORDS OF CORE 
AVAILABLE FOR PROGRAM AND STOR"GE - E.G. 65 K 1108). 

1. THE PRODUCT OF THE (MAVIMUM VAl UES + 1 ) CF THE SECOND AND THIRD 

summation indices may not exceed 5000 <e.g,- h( 2 >max equals 99 and 

H ( 3 ) Max EQUALS 49, OR H ( 2 ) MA X EQUALS 77 AND H(3)MAX EQUALS 63* ETC.). 

2. THE PRODUCT OF THE ( THIRD SUMMATION INDEX + 1) AND THE NUMBER OF 

POINTS ALONG THE SELONO SUM DIRECTION MAY NOT EXCEED 2000 (NOTE THAT THE 
NUMBER OF POINTS DOtS NOT NECESSARILY OR USUALLY EQUAL THF SECOND SUM 
GRID SPECIFICATION) (E.G.- AN H(3)MAX EQUAL TO 49 LIMITS POINTS SUCH 
THAT X ( 2 ) COULD BE (0 - 1/4) I* 159THS, (0 - 1/2) IN 79THS, ETC.). 

3. THE FINEST BRIO WHICH «AY BE CALCULATED IN THE FIRST SUM DIRECTION 
IS 1/2*27# IN THE SECOND SUM 1/400# AND 1/200 IN THE THIRO SUM 
DIRECTION. 

4. THE ABOVE RESTRICTIONS MAY BE RESCINDED ONLY By REASSIGNMENT OF 
STORAGE AND RECOMPILATION — SEE PROGRAM STATEMENTS AND COMMENTS FOR 
DETAILS. 

BECAUSE OF THE PARTICULAR METHOD OF SUMMATION A VERY LARGE NUMBER OF 
REFLECTIONS CAN BE ACCOMMODATE". 

NO INTERMEDIATE FILES ARE WRITTEN. TpE MAIN PART OF THE MEMORY HOLDS 
SECOND SUM COEFFICIENTS FOR AS MANY LEVELS AS POSSIBLE — IF ALL LEVELS 
CANNOT BE PROCESSED IN ONE PAS^ THE CALCULATION IS DIVIDED INTO TwC t #UAL 
PASSES AND SO ON, DURING THE '-ECONO SUM, ONLY THE THIRD SUM COEFFICIENTS 
FOR ONE LAYER ARE SIOREO AT ANY GIVEN TIME AND ONLY ONE LINE OF ELECTRON 
UENSITIES IS CARRIEU IN STORAGE . AS SOON *S THE LINES Are FORMED THEY 
ARE OUTPUT TO THE LINE PRINTER. IT IS POSSIBLE TO SUPPRESS PRINTING 
VALUES BETWEEN SELECTED MAXIMUM AND MINIMUM CUT-OFF POINT? By THE USE OF 
A rMAP— CARD. THIS GREATLY FACILITATES INTERPRETATION OF THE PRINTED MAPS. 
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PROGRAM FOR LISTING STRUCTURE FACJOR DATA 


THE =LISTFC= PROGRAM WAS WRITTEN By J, M. STEWART AND R. L, BRAUN BASED 
on A Program of o. high. 

. =LISTFC= IS UESIGNEO TO GIVE LISTS OF FC AND FO WITH THEIR 
CORRESPONDING H , K, AND L, AND FOR ACENTRIC SPACE GROUPS, THE PHASE ANGLE 
ALPHA. THSES LISTS ARE DESIGNED TO BE AS SUCCINCT AS POSSIBLE AND IF PRINTED 
ON WHITE PAPER WITH A NEW RIBBON WILL BE SUITABLE FOR PHOTOGRAPHY. THE 
FORMATS OF THE OUTPUT ARE DESIGNED TO MEET THE REQUIREMENTS FOR JOURNAL 
REFEREES AND/OR THESIS COMMITTEES. 

THE PROGRAM PRINIS ITS LISTING IN TERMS OF A »=LISTFC= PAGE * * THE SIZE OF 
WHICH IS AT THE USER'S DISCRETION AND IS INDEPENDENT OF THE SIZE OF THE PRINTER 
PAPER. + SIGNS ARE PRINTED AS FIDUCIARIES FOR ALIGNMENT FOR PHOTO - 
REPRODUCTION. THIS =LISTFC= P<>GE WILL BE DIVIDED INTO An INTEGRAL NUMBER OF 
•=LISTFC= COLUMNS* UEPENDING U^ON THE TOTAL NUMBER OF PRINT POSITIONS REQUIREO 
FOR THE VARIOUS UATA CHOSEN ON THE =LISTFC= CARD. 

IN ORDER TO LIST WITH THIS PROGRAM THE REFLECTIONS MgST BE SORTED IN 
EXACTLY THE wAY 1 HE LISTS ARE TO BE MADE. IF THIS WAS NOT DONE BEFORE 
SDATRUNS IT WILL BE NECESSARY to TAKE APPROPRIATE STEPS TO PLACE THE 
REFLECTIONS IN ORDER. MANY OPIIONS ARE GIvEN, AND REFERENCE TO THE CAPO 
FORMATS IN SECTION 2.LISTFC-B SHOULD MAKE THIS CLEAR, THE PROGRAM WILL,.' 

EITHER LIST FROM A SYSTEM BINARY DATA FILE OR FROM CARDS CONTAINING H, K, L, 

FO, ETC, WHICH MAY BE PUNCHED USING THIS PROGRAM. 

ALL REFLECTIONS WITH JCOUE 6REATER THAN 5 ARE IGNORED. 

THE USUAL CONTROL CARD STRUCTURE FoR A THESIS PAGE WOULD BE AS 
FOLLOWS... , 


CENTRIC STRUCTURE - 

000000000111111111122222222223333333333444444444455555555556666666666777777777? 
1234567890 1234567B9U 1234567890 1234567890 1234567890 1234567890 1234567690 123456789 

LISTFC COMPID123 50 38366 111 5 

ACENTRIC STRUCTURE - 

0000000001111111111222222222233333333334444444444555555555566666666667777777777 
1234567890123H56789U12345678901 2345678901234567890 12345678901234567890123456789 

LISTFC C0MP10123 50 34366 1 1 5 
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THE USUAL CONTROL CARO STRUCTURE FoR A JOURNAL PAGE WOULD BE AS 
FOLLOWS,... 

CENTRIC STRUCTURE - 

0000000001111111111*22222222233333333334444444444555555555566666666667777777777 

1234567890123456789012345678901234567840123456789012345678901234567890123456789 

LISTFC COMPID123 15* 13 23560 11 5 

ACENTRIC STRUCTURE - 

0000000001 11 1111 111222222222233333333334444444444555555555566666666667777777777 
1234567890123456789012345678901234567890123456789012345678901234567890123456789 

LISTFC COMPID123 15* 11 23554 1 5 
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ATOMIC PARAMETER LOCOING PROGRAM 


PROGRAMMING FOR THIS LINK w AS FIRST WRITTEN BY J. M. STEWART AND 
LINDA PLASTAS. THE CURRENT PROGRAM WAS WR I TTF.N By F.A, KuNDELL. THE NEW 

program is completely new and includes the ability to establish the constraints 
ON ATOMS in special positions. 

THE FUNCTION of THIS L r NK OF THE X-RAY SYSTEM IS TO SERVE TO PLACE 
THE ATOMIC PARAMETERS IN THE PROPER ARRAYS IN THE BINARY DATA FILE. THIS 
MEANS THAT THIS PROGRAM MUST ALWAYS HE USED AT LEAST ONCE BEFORE ANY PROGRAM 
WHICH CALCULATES STRUCTURE FACTORS (E.G., =s-C = . =CRYLSQ=, ETC.) MAY 
BE USED. THIS PROGRAM PERMITS EITHER AN A PRIORI LOADING OF ATOMIC COORDINATES 
OR THE EDITING OF PARAMETERS ALREADY STORED IN THE DATA FILE. 

THE OVERALL PLAN IS SUCH, THAT AT AN A PRIORI START ALL ATOMIC 
QUANTITIES WILL HE IAKEN FROM CARDS AND HE PLACED IN THE BINARY DATA FILE. 

AT AN UPDATE, QUANTITIES FROM CAROS WILL TAKE PRECEDENCE, BUT NO INFORMATION 
FROM THE FILE WILL HE LOST. THE POSSIBILITY FOR INSERTION, DELETION, AND 
REPLACEMENT ALL EXIST. CONSIDERATIONS CONCERNING ATOM IDENTIFICATION IS 
UESCRIPEO IN l.GENERL, 

NOTE THAT THIS PROGRAM SERVES ALL THE STRUCTURE FACTOR CALCULATING 
PROGRAMS WHICH THEMbELVES CANNOT LOAD ATOMIC COORDINATES, THEY CAN, HOWi'vER, 
SELECT PARTICULAR A I OMS OR ATO« TYPES FROM THE BINARY DATA FILE PREPARED BY 
=LOAOAt=. 

DATA MUST BE PRESENTED TO rLOAOATs IN FOUR DISTINCT GROUPS. THAT 
IS TO SAY, INPUT CARD ORDER IS IMPORTANT In . HE LOGIC OF THE PROGRAM. THE 
FIRST GROU p OF CARDS CONSISTS OF THOSE WHICH DEAL WITH GENERAL PARAMETERS OF A 
STRUCTURE UNDER STUDY. THESE "RE =SCAl.E=, =GRID=» = MAxHk.L=, =lA 6EL=, =EXTINC=, 
=DlSPEpr, =CELCON=, =UATOMS=» n ND =U= OVERALL OR rB= OVERALL. THE SECOND 
GROUP IS THAT WHICH DEALS WITH THE PARAMETERS OF ATOMS IN THE STRUCTURE. 

THESE ARE =ATUM=, =ATOMG=, =U=, =B=, =UlJ=, -DIJ=, =BETA=, And =ATOMD=. THE 
THIRD GROUP IS that WHICH DEALS WITH SPECIAL CONSTRAINTS ONE WISHES TO IMPOSE 
IN THE COURSE OF REFINEMENT OF THE STRUCTURE, AND THESE APE =8L0CK=, =REF=, 
=NOREF=, =CONSTR=, =GROUP=> AN" =IDM0L=. THE FOURTH GROUP IS THAT WHICH DEALS 
WITH THE MODIFICATION OF REFLECTION INFORMATION STORED IN THE BINARY DATA FILE. 
THESE ARE =OELHKL= AND =EOIT=. THE ORDER OF THESE GROUPS IS DICTATED BY THE 
ORDER oF STORAGE OF DATA ON THF BINARY DATA FILE (SEE APPFNDIX 6). 

THE FIRST GROUP CONTAINS DATA WHICH IS SIMPLY COPIED TO THE 
OUTPUT BINARY DATA FILE SUPERCFOING THF CORRESPONDING QUANTITIES ON THE 
INPUT FILE. IN GENERAL, FIELDS LEFT BLANK OR WITH PHYSICALLY UNREASONABLE 
QUANTITIES ARE IGNORED. 

THE SECOND GROUP, HOWEVER, IS TREA T ED IN MUCH GREATER DETAIL AND IS THE 
BURUEN OF THE CALCULATION CARR1EO OUT BY =LOADAT=. ALL THE PARAMETERS OF 
KNOWN ATOMS OF THE ASYMMETRIC SET (SEE I.GeNRL) NAME, SCATTERING FACTOR TYPE, 
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x, y, z* population parameter, temperature factors* and Estimated standard 

DEVIATIONS ARE LOADtU. ONCE STORED, THEY ARE CHECKED FOR PHYSICAL 
keasonarleness. 

FOR EACH ATOM THE SYMMETRICALLY EQUIVALENT ATOMS TO IT ARE GENERATED 
UNDER THE GIVEN SYMMETRY OPERATIONS. FROM THIS LIST, TH£ ATOM IN SPECIAL 
POSITIONS MAY BE DEIECTEU bY T M £!R COINCIDENCE WITH RESPECT TO X, Y* 2. THE 
NUMBER OF TIMES ANY GIVEN ATOM FALLS UPON ITSELF THEN GlVFS THE SITE 
MULTIPLICITY (AS GIVEN IN I NT , TAB. VOL. I). WHEN AN ATOM IS FOUND TO BE 
IN A SPECIAL POSITION AN ANALYSIS IS CARRIED OUT BY A METHOD OF EQUATING 
COEFFICIENTS. THAT IS TO SAY, WHEN THE SYMMETRY OPERATIONS WHICH GIVE RISE 
TO AN ATOM "LANDING ON ITSELF" HAVE BEEN IDENTIFIED, THE SYMBOLS FOR THE 
PARAMETERS OF THE A I OM MAY HE OPERATED UPOn AND GIVE RISE TO EQUATIONS 
WHICH EXPRESS THE RESTRAINING PCNOITIONS OF THE PARTIUCLAr SITE. FOR 


EXAMPLE, P4 WITH 

SYMMETRY OPERA. T I 

ONS — 
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and AN ATOM READ 

IN AT 

1/2* 

1/2, 

2. ALL 

four 

GENERATIONS 

GIVE 

RISE 

TO 


EXACTLY THE SAME COORDINATES (MODULO 1). THE SYMMETRY OPERATIONS REQUIRE THAT 
X = -X = Y = -Y AND THAT Z IS (NDEPENDFNT. THE ONLY NUMERICAL VALUES 
MODULO 1 THAT HAVE iHIS PROPERTY ARE 0 AND 1/2. SINCE 1/? IS SUPPLIED, IT 
IS ACCEPTED AmO THE PARAMETER CODED INVARIANT. 

IN FUL! GENERALITY INCLUDING SPACE GROUPS *ITK TRANSLATIONAL SYMMETRY, THE 
EQUATIONS may be NO MORE COMPLEX THAN Y s AX + B. 

FOR THE ANISOTROPIC TEMPERATURE FACTORS, A SIMILAR TREATMENT IS 
USED, SINCE THE ATOMS GENERATED ARE IN FACT ALL ONE ATOM IN THE ABOVE* ALL FOUR 
GENERATED TEMPERATURE FACTORS «UST BE IDENTICAL. IN other WORDS 
£XP(H#8ETA*H( TRANSPOSE ) ) MUST c-IVE THE SAME NUMERICAL VALUE. THIS MEANS THAT 
H*R*6ETA* (H*R) (TRANSPOSE) WILL GIVE RISE TO FOUR MATRICES OF ELEMENTS 

uii* U23 WHICH MAY *<E EQUATED AND THE CONSTRAINTS ON THE 

TEMPERATURE FACTORS DEDUCED. RETURNING TO THE EXAMPLE OF P4 THE FOUR MATRICES 
GENERATED are AS FOLLOWS — 
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THESE RESULIS IMPLY TH»T FOR AM ATqM IN THIS SPECIAL POSITION IN THIS 
SETTING OF THE SPACE GROUP P4 1 HAT — 

Uil - till = U22 = U22 
U.’.2 e 1 1 12 = -U12 = -U12 
U13 - ~Ui3 - 023 - U23 
U22 = U22 = Uil = Uli 
U23 = -U23 = -U13 = -U13 
U33 = U33 = U33 = UP3 

WHICH REDUCES TO 

U22 - Uli Uil INDEPENDENT 

Ui2 = U13 = U23 = 0 
U33 INDEPENDENT 

A MOMENT'S REFLECTION WILL SHOW THAT A REQUIREMENT OF Ul2 - -U12 
IMPLIES THAT U12 IS 2EK0 . THIS METHOD WORKS IN GENERAL AND REQUIRES NO 

CONSIDERATION OF TRANSLATIONAL symmetry. 

IT SHOULD BE NOTED THAT IF TWO ATO.V.S ARE INCLUDED WHICH ARE REALLY 
THE SAKE ATOM, =LOAUAT= OOES NOT CHECK AMONG THE ATOMS EXCEPT FOR NAME. 

(SEE l.GENRL FOR NAMING RULES). THIS KIND OF CHECKING IS CARRIED OUT BY 
=30N0LA=. 

THE PROGRAM CALCULATES ALL THE SPAfE GROUP SPECIAL CONSTRAINTS 
EXCEPT THAT OF FIXING THE APPROPRIATE PARAMETER ( S ) FOR ONE ATOM OF THE 
ASSYME7RIC SET OF A I OMS IN A POLAR SPACE GROUP. FOR EXAMPLE, IN Pi* CITED ABOVE 
THE 2 PARAMETER OF ONE ATOM MUST BE SPECIFIED A5 FIXED. THE USUAL 
PRACTICE IS TO CHOOSE THE ATOM OF HIGHEST ATOMIC NUMBER. 

THE THIRD GROUP OF INPUT CAROS SERVES TO STORE INFORMATION CONCERNING 
THE SPECIAL RELATIONSHIPS DESIRED FOR THE STRUCTURE UNDER STuDY. THEY MAy 
ALSO BE SUPPLIED UNGER THE zCR^LSOz LINK. 

THE FOURTH GROUP IS FOR THE PURPOSE OF DELETING REFLECTIONS AND 
HENCE SHORTENING THE REFLECTION OUTPUT RtCo«D AND FOR EDITING CHOSEN 
REFLECTIONS OH the data FILE. THE ONLY QUANTITIES WHICH MAY BE EDITED ARE 
JCODE, LEVEL INOICAIOR, F RELAUVE. LEAST SQUARES WEIGHT. ANY COMPLICATED 
EDITING SHOULD BE DONE THROUGH zOATRONz, r.vODIFY= OR =wTLSSQ=. 

THE PROGRAM RUNS IN EITHER THE APRiORI OR uPDAyE vrDE. IV THE FORMER 
CASE AlL ATOMIC PARAMETERS ARE PURGED AND THOSE SUPPLIED APE ACCEPTED, CHECKED 
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AND LOADED. IN THE LATTER CASF, ANY ATOM NAME NOT IN THE FILE IS ADDED, ANY 
PRESENT REPLACED, AND =ATOMD= »'AY BE USED TO REMOVE PREVIOUSLY NAMED ATOMS. 
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LEAST SQUARES PLANE AND . INE PROGRAM 


the least squares planc and line program* =lsopl= , is a program to 
CALCULATE 7,-OIMENSIuNAL planes or lines WITHOUT REGAF(0 to the FIGURE'S distance 
FROM the ORIGIN. THIS PROGRAM WAS WRITTEN BY ROGER V. CHASTAIN* AND MODIFIED 
BY WILSON H. DE CAMP. 

THE METHOD OF CALCULATION IS THAT OF SCHOMAKER, ET Al , WITH THE 
EXCEPTION OF THE ME I HOD FOR OBTAINING THE ROOTS OF THE CUBIC EQUATIONS IN ' 

lagrangian multipliers. schom«ker, et al, used an iterative technique* whereas 
this program solves for the roots directly by the general solution equations. 

THE OPERATION of THE PROGRAM CAN Be DESCRI3ED AS FOLLOW'S — FIRST THE 
NECESSARY DATA ARE READ FROM C y RUS AND/OR THE BINARY FILE, THEN THE EQUATION 
OF THE LINE OR PLANE IS CALCULATED. IT IS POSSIBLE TO CALCULATE THE EQUATION 

of a plane or line with a center of symmetry at the origin or any other point 

PERMITTED BY SPACE GROUP SYMMETRY BY SUPPLYING THE ATOMS IN ONE ASYMMETRIC 
UNIT ONLY AND CODING THE PROGRAM TO GENERATE EQUIVALENT ATOMS BEFORE PURSUING 
THE CALCULATION (THIS CODE IS IN THE CALLING CARD). 

THE CALCULAIION CF THE LEAST SQUARES PLANE OR LlNF IS OVER THE ( N 1 ) 
ATOMS(SPEClFItO IN 1 HE CALLING CARD) ON THE FIRST (Nl) =ATOM= CARDS IN THE DATA 
PLUS THE GENERATED OENTROSYMMETR I C ATOMS IF SO COOED. IF MORE THAN (Nl) =ATCM= 
CARDS ARE SUPPLIED, THE EXCESS WILL BE IGNORED IN THE CALCULATION OF THE 
EQUATION, BUT WILL bE considered IN THE calculations OF THE DISTANCES OF ATOMS 
FROM THE LINE OR PLANE. WHEN WORKING FROM A BINARY DATA FILE, IT IS NECESSARY 
ONLY TO SUPPLY THE ATOM IDENTIFICATIONS OF THE ATOMS DEFINING THE LINE OR 
PLANE. DISTANCES FROM THE LINE OR PLANE WILL BE CALCULATED FOR ALL OTHER ATOMS 
IN THE FILE. 

FREQUENTLY ONE IS INTERESTED IN ANGLES BETWEEN PLANES AND LINES, 

=LSQPL= CAN BE CODED SO THAT, TF A SERIES oE =LSOPL= CALCULATIONS ARE SUBMITTED 
ONE RIGHT AFTER ANO I HER , THE ANGLES BETWEEN ALL PAIRS Or LINES AND PLANES WILL 
BE CALCULATED FOR THOSE LINES AND PLANES CODED N0N-2ER0 IN THE CALLING 
SEQUENCE. The ORDER GF =LSOPL= CALCULATIONS IS NOT IMPORTANT AS LONG AS NO 
OTHER SYSTEM PROGRAM is CALLED BETWEEN SUCCESSIVE PLANE CALCULATIONS. 

reference 


SCHOMAKER, WASER, MARSH , AND BERGMAN, ACTA CRYST. 12, 600 (1959) 
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MODIFICATION OF THE BINARY DATA FILE 


THIS PROGRAM WAS WRITTEN BY J.M. STEWART. THE PURPOSE OF THIS LINK 
OF THE X-RAY SYSTEM IS TO PROVIDE A MECHANISM FOR MAKING INSERTIONS AND 
REPLACEMENTS OF QUANTITIES IN THE BINAPY DATA FILE, A ’QUANTITY* MIGHT 
BE THE PHASE OF SELtCTED REFLECTIONS* NEW VALUES OF THE STANDARD DEVIATION OF 
UNIT CFLL PARAMETERS, OR ANY OTHER QUANTITIES STORED IN THE DATA FILE. THE 
INPUT DECK PERMITS REPLACEMENT OR ADDITION BY THREE METHODS* ONE THROUGH THE 
USE OF =MOOFIL= CARDS, ONE BY M E ANS OF =MO[)REF= CARDS* AND ONE WHICH PRODUCES 
F RELATIVES OF CONTROLLED ERRO D . {THIS IS DONE by REPLACING Every RELATIVE 
STRUCTURE FACTOR WIfH THE CURRENT VALUE OF CALCULATED STRUCTURE FACTOR 
MULTIPLIED BY AN ARBITRARY SCALE AND MODIFIED TO HAVE A STIPULATED AMOUNT OF 
’RANDOM’ ERROR.) 

THE sMODFIL= CARO GIVES THE USFR THE DIRECT ABILITY TO SPECIFY AND 
REPLACE ANY WORD OF ANY PHYSICAL RECORD OF ANY LOGICAL RECORD IN HIS BINARY 
UATA FILE. 

THE =MODREF= CARD PERMITS THE USER To REPLACE ANY SPECIFIED QUANTITY 
FOR ANy SPECIFIED REFLECTION IN THE BINARY DATA FILE. ONF may NOT REMOVE 
(EXCEP T BY CODING AS IGNORED, I.E. JCOUE = 4) NOR INSERT REFLECTIONS WITHIN 
THE FILE. 


the replacement of f relative is carried out when it is signalled in 

THE rMoDIFYS CARD. THIS FUNCTION IS PROVIDED FOR EXPERIMENTAL AND TEST 
CALCULATIONS TO PROVIOE CONTROLLED DATA OF KNOWN RANDOM ERROR (PHONY DATA), 

THE MAIN RESTRICTIONS IN THE USE Of THIS PROGRAM ARE - 

1. THE sMOOFILs AND =MODREF= CARDS MUST COME IN EXACTLY THE SAME ORDER AS THE 
DATA COMES IN THt FILE (SEE APPENDIX 6 FOR A DESCRIPTION OF THE BINARY DATA 
FILE) 

2. =MOOFIL= CARDS WHICH CALL T<' MODIFY THE REFLECTION RECORO CANNOT BE USED AT 
THE SAME TIME AS =MOOR£F= CARDS - ALL smODFIL= CAROS MUST COME BEFORE ANY 
=MODPEF= CARD 

3. TWO SEPARATE rMOUlFYs RUNS are REQUIRED IF ONE WISHES TO MODIFY BOTH A 
REFLECTION RECORD WITH sMOD^EFs AND ALSO A RECORD BEYOND THE REFLECTIONS 
WITH =MOOFlL=. 

EACH CARL) FUR MODIFICATION PROVIDES FOR THE INPUT OF TwO QUANTITIES, 

ONE FIxEO POINT* THfc OTHER FLOATING POINT, IF THE FIXED POINT QUANTITY IS 
ZERO, THE FLOATING POINT QUANTITY IS STORED. IF BOTH ARE ZERO, ZERO IS STORED. 
IN NEITHER CASE IS • HE MODE CHANGED, IT IS ESSENTIAL THAT ONE TAKE CARE IN 
USING THIS LINK SINCE NO RESTRICTION IS PLACED ON THE QUANTITIES WHICH MAy BE 
REPLACED AND THIS COULD LEAU T° VERY STRANGE ERRORS IN SUBSEQUENT RUNS FROM 
THE MODIFIED DATA FILE, 

ONE WAY IN WHICH THIS PROGRAM COULD BE USEO IS TO PLACE PHASES IN 
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Thp DAtA FILE FOR REFLECTIONS DETERMINED By THE SYMBOLIC ADDITION PROCEDURE 

of'"kar l e and karle. in THIS C»SE a =,v,OOIFy= card with the compound identity 
IS PREPARED, THEN a bundle OF =MODREF= CAROS EACH WITH H, K * L, THE WORD 
CATALOr- NUMBER (20) AND A PHASE ANGLE TN CYCLES PUNCHED IN THEM, THESE 
MUST BE SORTED IN EXACTLY THE SAME ORDER As THE ORG1NAL DATA REDUCTION 
REFLECTIONS - ONLY I HOSE REFLECTIONS TO BE MOOIFIEO NEED BE PRESENT. THE 
CATALOG NUMBER INDICATES THE RELATIVE POSITION IN EACH REFLECTION RECORD WHERE 
THE ESTIMATED PHASE' BELONGS. IN THE FLOATING POINT FIELD CF EACH CARD ONE 
PLACES A ZERO FOR PHASES OF ZE^O, A O.S FOR PHASES OF Pi RADIANS. THUS ThE 
PHASE ANGLE ALPHA IS INSERTEU IN UNITS OF CYCLES BETWEEN -0.9999 AND +0.9999, 
FINALLY THE DECK IS CONCLUDED WITH AN rENDr CARD. 

IF ONE VilSHLS TO REPLACE MORE THAN ONE QUANTITY FOR THE SAME RECOrO ' 

OR REFLECTION, APPROPRIATE =MOI>FIL= ANU =MoDREF= CARDS ARE PLACED RIGHT NEXT 
TO ONE ANOTHER WITH THE VARIOUS WORD DESIGNATIONS SET PROPERLY. IT SHOULD BE 
NOTED THAT =HKL= CARDS OF DATA REDUCTION At.SO ALLOW FOR THE STORING OF PHASE 
INFORMATION. 

IT SHOULD Bt OBVIOUS THAT THIS PROGRAM IS INTENDED ONLY FOR LIMITED 
AND SPECIAL MODIFICATION OF THE BINARY DATA FILE. WHEN EYTENSIVE CHANGES 
NEED TO BE MADE =DAIRDN=# =LOAi)AT=, ETC. ApE DESIGNED FOR THESE PURPOSES. 
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CALCULATION OF NORMALIZED STRUCTURE FACTORS 


=normsf= is a program to calculate quasi-normalized structure factors 

AND IN THE PROCESS, TO ESTIMATE TEMPERATURE AMD SCALE PARAMETERS. IN ADDITION 
TO THIS, STATISTICAL INFORMATION NEEDED IN THE DIRECT PHASING METHODS IS 
OBTAINED. .THE PROGRAM wAS WRITTEN BY SYD HALL BASED ON EARLIER WORK DONE 8Y 
HIMSELF AND TED MASLEN. IT HAS BEEN ADAPTED TO THE X-RAy SYSTEM 3Y MICHAEL 
SCHNEIDER. 

IN THE APPLICATION OR STATISTICAL PHASE DETERMINATION METHODS TO 
CRYSTAL STRUCTURE ANALYSIS, A NECESSARY FIRST STEP IS THE TREATMENT OF THE 
UNSCALED F RELATIVE VALUES. ThIS IS DONE RY APPLYING SCALE AND THERMAL 
CORRECTIONS AND CALCULATING THE QUASI-NORMALIZED STRUCTURE FACTORS (E»S>. E*S 
HAVE PROPERTIES WHICH ARE theoretically INDEPENDENT OF MOLECULAR STRUCTURE 
ALTHOUGH THEIR DISTRIBUTION DEFENDS UPON ThE CENTRIC OR ACENTRIC CHARACTER 
OF THE LATTICE. 

E ’ S ARE CALCULATED In =NORMSF= FROM THE FOLLOWING RELATIONSHIP — 


/F(H,k,l)/ 

/E ( H » K > L ) / * DK. 

SQRT<FPS*SUMMATIONlr (J) **2> ) 

WHERE /F(H,K,L)/ IS THE STRUCTURE FACTOR ON AN ABSOLUTE SCALE (AND IS FURTHER 
DESCRIBED BELOW) — 

(rps IS A CORRECTION FACTOR ALLOWING FOR SPACE GROUP SYMMETRY 

ANU CONVERTS nUASI- INTO NORMALIZED STRUCTURE FACTORS 
IT IS CALCULATED AT DATA REDUCTION TIME AND PLACED IN 
THt BINARY UA1A FILE {SEE l.GENERL). 

F(J) IS THE U»TH SCATTERING FACTOR AT THE APPROPRIATE 

SIN(THETA)/LA»«BOA VALUE FoR THE REFLECTION 

DK IS THE F RELATIVE SCALE FACTOR CORRECTION To ENSURE THAT 

THt AVERAGE V»LUE OF /E/**2 =1.0 

A FORMAL DISCUSSION IS PRESENTED IN REFERENCE l AND THE LITERATURE 
CITED THEREIN. 

IN THE COURSE OF THE CALCULATIONS, THE FOLLOWING Two QUANTITIES 
ARE REQUIRED — 


F(UOO) 


S1G1 
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StGl 

£(UOO) = 

SOKKSIG2) 

vHERE SIGI = SUMMA I ION ( Z**I ) 

AND 2 IS THE ATOMIC NUMBER "F EACH ATOM IN THE UNIT CELL. 

FOUR METHODS ARE USED IN =NORMSF= FOR CORRECTING F RELATIVE 
<FREL(H,K,L> ) FOR SCALE AND THERMAL FACTORS* OF WHICH THE FIRST TWO ARE 
ISOTROPIC. THE OTHtR TWO ARE ANISOTROPIC FITS AND ARE BASED ON THE METHOD 
OF MASLEN (2). 

i, E(l) IS CALCULATED USING /F ( H « K » L ) / DERIVED FROM 

/F { H » K »L ) / = /FREL(H*K ,L) / *K*EXP(M) 

WHERE M = B*S**2 

AND S = SIN(THET«)/LAMBDA 

THE VALUES OF THE F RELATIVE SCALE FACTOR, K, AND THE OVERALL 
ISOTROPIC IEMPERATURE FACTOR, B, ARE ESTIMATED By A LEAST SQUARES 
FIT TO THE WILSON PLOT OF — 


SUMMATION(MULT*FPS*SlG2<S) ) 

UNI 

, SUMMATION<n'ULT*/FREL(H,K,L>/**2> 

AGAINST THE AVERAGE VALUE OF S**2, 

WHERE MULT IS THE REFLECTION MULTIPLICITY IN 19 OVERLAPPED RANGES, 
EACH OCCUPYING AN EQU^L VOLUME IN RECIPROCAL SPACE (I.E. EQUAL 
INCREMENTS OF S**3J. 

2, E ( 2 ) IS DERIVED USING — 

/F ( H * K » I. ) / = /FPEL(h*K,L)/*K(S) 

THE K ( S ) CURVE IS TAKEN AS THE 19 AVERAGES INTERPOLATED INTO 0.01 
INCREMENTS OF S**2. THIS PROCEUURE PROVIDES A non-linear 
APPROXIMATION AND IT V A Y BE FOUND NECESSARY TO REQUEST MORE THAN 
THE QEFAUL I NUMBER OF CORRECTION CYCLES IN ORDER TO OBTAIN 
SATISFACTORY VALUES. 

3, E < 3) IS DERIVEO USING — 

/F (H*K »L ) / = /FREL/*K*EXP(M + DMl ) 

WHERE 0M1 = DB ( 1 1 ) *H**2 + DB ( 22 ) *K **2 + DB(33)*L**2 + 

0B(12)*H*k + DB ( 1 3 > *H*L + DB(23)*K*L 


WITH 


UM1 REFERRING TO DELTA M PRIME 
UB REFERRING TO DELTA BETA 
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THE VALUES OF DB(IJ) ORE OBTAINED By A LEAST SQUARES FIT TO THE 
PLOT OF — 


SUMM''TI0N<MULT*EPS*SIG2(S) ) 

LN! 

SUMMATI ON ( V ULT * ( /FHEL/**2 )*K**2*EXP(2*M) ) 

VS. AVERAGE value OF H**2 FOR OB < 11 ) 
AVERAGE VALUE OF K**2 FOR D3(22) 
AVERAGE VALUE OF L**2 FOR 03(33) 
AVERAGE VALUE OF H*K FOR OB ( 12 ) 
AVERAGE VALUE OF H*L FOR 03(13; 
AVERAGE VALUE OF R*L FOR D3(25i 


4, £ ( 4 ) IS DEKIVED USING — 

/F(H»K#L)/ = /FREL/*K(S)*tXP(UM25 

WHERE DM2 = DBK11)*H**2 + UB1(22)*K**2 + ..,+ DBi(23)*K*l 
WITH 

UM2 REFERRING TO DELTA M DOUBLE PRIME 
UBl REFERRING TO DELTA BETA PRIME 

the VALUES for oaidj) ARE obtained by a SIMILAR METHOD IN the 
calculation of ub(iu). with the average values of — 

H**2« K**2» ...» K*L 
PLOTTED AGAINST — 

SUMMATI0N(MULT*EPS*SIG2 ( S) ) 

LN ) 

SUMMATION! /rR£L/*MilLT*K<S>**2> 

AS WITH THfc. ISOTROPIC NON-LINEAR CORRECTIONS, IT IS NECESSARY TO 
ITERATE T Hc.SE VALUES » NUMBER OF TIMES TO OBTAIN RELIABLE ESTIMATES. 
A DAMPING F ACTOR KAy HE APPLIFD, IF NECESSARY, TO ASSIST WITH 
CONVERGENCE . 

THE ANISOTROPIC CORRECTIONS, D3UJ) AND OBI ( I J> > ARE ALSO ADJUSTED 
FOR CORRELATION EFFECTS, DELTA B AND DELTA B PRIvE, WITH THE 
ISOTROPIC IEMPERATUHE FACTOR BEFORE 8EING USED TO CALCULATE THE 
NORMALIZED STRUCTURE R ACTORS E ( 3 ) AND E(4). 


SEQUENCE DURING THE CALCULATION 


THE CALLING CARO AND DATA CARDS ARE READ IN AND CHECKED. IF THERE 
ARE TOO MANY REFLEC I IONS THAN CAN BE HANDLED IN CORE (CA, 5000), THtY ARE 
PLACEO ON A SCRATCH FILE, =NFI* Et=« B AND K FOR E(l) AND E(2) ARE CALCULATED. 
AT THE END OF THIS, AS FOR ALL CALCULATIONS, PLOTS ARE PRINTED FOR RELEVEnT 
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INFORMATION on a GRAPH. the DH(IJ) CORRECTIONS are then made for E ( 3 ) ANO 
USKIJ) AND FOR E(4). AND PLOTTING IS AGAIN CARRIEO OUT. FINALLY, A NEW 
WINARY DATA FILE IS WRITTEN WITH ALL FOUR NORMALIZED STRUCTURE FACTORS STORED 
THEREIN. 


references 


1. KARLS AND KARLE# ACTA CRYST. 21. 849(1966) AND REFERENCES INCLUDED THEREIN. 

2. E.N.MASLEN, ACTA CRYST. 22.945(1968) 
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LEAST SQUARES REFINEMENT OF LATTICE PARAMETERS 


THE PROGRAM FOR THE LEAST SQUARES REi INEMENT OF LATTICE PARAMETERS WAS 
WRITTEN BY RICHARD A. ALUEN. IT WAS ADAPTED TO THE SYSTEM AND SLIGHTLY 
MODIFIED BY HERMAN L. AMMON ANM F. MAUER, 

THE REFINEMENT IS ACCOMPLISHED BY MINIMIZATION OF THE QUANTITY R - 
0 = ARCSI N ( ( (SIN THETA CALC ) **2 ) **0 , 5) - THET* OBS. 

R = SUM OVER U OBSERVATIONS OF ( D ( J ) /SiGMA { 2 THETA) )**2 

NECESSARY DATA FOR THE HEFTNEMENT CONSISTS OF THE RADIATION WAVELENGTH 
USED, LATTICE TYPE » CRUDE LATTICE PARAMETERS, TWO THETA VALUES FOR SEVERAL 
REFLECTIONS (AT LEAST TEN SHOULD BE USED) AND THLIR STANDARD DEVIATIONS, IT IS 
RECOMMENDED THAT AXIAL REFLECTIONS BE AVOIDED. THE STANDARD DEVIATIONS ARE 
USED ONLY TO' WEIGHT THE SEVER Ac TWO ThETA's. =PARAM= «ILL SET All UNSPECIFIED 
STANDARD DEVIATIONS TO 0-01, A CASE IN WHICH ALL TWO ThETA'S HAVE EQUAL 
WEIGHT. IF SIN (THEIA) IS GREATER THAN 1.0 FOR ANY REFLECTION, IT WILL BE 
OMITTED FROM THE REFINEMENT. 

2THETA MEASUREMENTS UTILIZING DIFFERENT WAVE LENGTHS CAN BE MIXED 
TOGETHER IN THE SAMt = PARAM= R"N. 

THE REFINEMENT WILL STOP W«EN ANY ONE OF THE FOLLOWING THREE CONDITIONS IS 
MET - 

1. FIVE CYCLES HAVE BEEN CALCULATED 

2. NO CHANGE IN A LATTICE DIMENSION CALCULATED DURING THE LAST CYCLE WAS 
GREATER THAN .0005 ANGSTROMS 

3. NO CHANGE IN A LATTICE ANGLE CALCULATED DURING THE LAST CYCLE WAS 
GREATER THAN ,005 DEGRFES. 

OUTPUT FOR EACH CYCLE CONSISTS OF OLD AND NEW PARAMETERS, PARAMETER 
CHANGES, ESTIMATED PARAMETER STANDARD DEVIATIONS, THE ERROR OF FIT AND 
CORRELATION COEFFICIENTS, FOLLOWING THE LAST CYCLE, A SUMMARY OF INPUT TWO 
THETA*s CALCULATED FROM THE NEW LATTICE PARAMETERS And THE DIFFERENCE BETWEEN 
THESE TWO VALUES IS GIVEN, A »APID SCAN OF THE ’DIFFERENCE* COLUMN WILL SERVE 
TO SPOT ANY UNUSUALLY ’BAD’ OBSERVED TWO THETA'S AND IS WELL WORTH THE 
MINUTE REQUIRED TO UO SO. 

EQUATIONS FOR THE IMPORTANT QUANTITIES CALCULATED ARE - 
ERROR OF FIT = E = (N-K)**-0.5 SUM D(K)/SIgMA(2 THETA) 


ESTIMATED STANDARD DEVIATION = S 


( M**-l ) E 


N=NUM8£r OF OBSERVATIONS 
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K— number of parameters 

M=MATRIX OF NORMAL EQUATIONS AQjuSTEO 

CORRELATION COEFFICIENT = C(N,*i) = M ( N, M ) **-l / ( l M < N ) **~l < V. ( M ) **-l )) * *0 . 5 

THE PROGRAMS) =PARAM=» "DIFSETr, DlpPCH=» AND rDATC03= FORM A 
LOGICALLY CONNECTED SET FOR USING THE VRD-g, AT MARYLAND. A DISCUSSION IS 
GIVEN HERE as AN EXAMPLE of DATA GATHERING AND PRELIMINARY DATA TREATMENT. 

THIS ASPECT OF COMPUTING TECHNIQUES APPLIED TO CRYSTALLOGRAPHY IS AS DIVERSE 
AS THE NUMBER OF DIFFERENT LAB"R ATORIES. 

=PARAM= - ACCEPTS TWO THETA DATA FOR A NUMBER OF CAREFULLY MEASURED REFLECTIONS 
AND PRODUCES PRECISE CELL PARAMETERS, IT 'S NECESSARY) BECAUSE OF THE 
LIMITATION ON MINUS TWO THETA AND ON THE xRD-6) TO - 

1, PICK MEDIUM STRONG REFLECTIONS 

2. MEASURE PLUS AND MINUS TWQ THETA By AVERAGING HALF HEIGHT VALUES OF OMEGA 
IN ORDER TO OB I AIN THE AVERAGE VALUE OF TWO THETA. CHOOSE A SET OF REFLEC- 
TIONS WITH TWO THETA VALUES BETWEEN 2.7 AND 20.0 DEGREES. THE REFLECTIONS 

must be of visible size oh the 1000 scale of the recorder <2000 dcts / 10 

SEC). THE CHI VALUES RAN'^E FROM t MINIMUM OF 16 DEGREES FOR A TWO ThETA 
OR 4 DEGREES TU A MINIMUM CHI OF <?0 DEGREES FOR A TWO THETA OF 26 DEGREES. 
THESE REQUIREMENTS FOR CHI ARE OuE TO THE MECHANICAL PROBLEMS ENCOUNTERED 
AS ONE GOES TO NEGATIVt Two THETA VALuES ON THE XRD-6. CHOOSE APPROPRIATE 
REFLECTIONS FRUM LOOKING »T THE SURVEy FILMS AND THE PRELIMINARY =DIFSET= 
AS CALCULATED FROM FILM CELL DIMENSIONS. THE CHI, PHI. AND TWO THETA ARE 
USED TO POSITION THE CRYSTAL FOR A GIvEN REFLECTION. THEN USING THE 
MANUALLY OPERA1ED OMEGA, THE REFLECTION IS HALF-HEIGHTEO FIRST ON the 
LOW STOE OF THL PEAK AND THEN ON THE HIGH SIDE. THE VALUES OF OMEGA FOR 
THE GIVEN CHI and PHI ARE RECORDED FOr PLUS TWO THETA. (NOW GO TO MINUS 
TWO THETA AND REPEAT THE HALF-HEIGHT InG . ) THE AVERAGE OME r ’A FOR THE 
MINUS TWO THETA PEAK IS SUBTRACTED FROM THE AVERAGE VALUE OF THE PLUS 
TwO THETA PEAK AND THIS IS THE CORRECTION TO BE APPLIED TO THE GIVEN TWO 
THETA. 

TWO THETA(TRUE» = TWO THET A ( APPARENT ) - (AVERAGE OMEGA(PLuS) - AVERAGE 
OMEGA ( MINUS ) ) 

ALWAYS TAKE SYMMETRICALLY EQUIVALENT REFLECTIONS WHERE POSSIBLE. THIS 
GIVES ANOTHER INDEPENDENT MEASUREMENT OF THE TWO THETA(TR(iE> AT A 
DIFFERENT PHI AND/OR CHI, THE AVERAGE TWO THETA (TRUE) FOR EQUIVALENT 
REFLECTIONS IS THEN TAKEN TO BE THE MOST ACCURATE VALUE FOR THE GIVEN 
TWO THETA. 

REMEMBER TO ALWAYS ADVANCE OMEGA AND TWO THETA THROUGH THE PEAK FROM LOW 
TO HIGH SIDE TU AVOIO BACKLASH IN THE GEARS. 

( (OMEGA(PLUS-LUW) + OMEGA (PLUS-HIGH ) /2 ) - ( OMEGA ( MINUS-LOW » + 
0MEGA(MINUS-HIUH)/2) ) = TWO THETA CORRECTION = (AVERAGE OMEGA(PLuS) 

- AVERAGE OMEGA (MINUS) ) 

THEREFORE - 

TWO THETA(TRUE) = TWO THETA ( APPARENT ) - (AVERAGE OMEGA(PLuS) - AVERAGE 
OMEGA (MINUS) ) 
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3. UNRELATED REFLECTIONS WIT* THE SAME MAGNITUDE HKL INDICES SHOULD BE USED 
WHERE POSSIBLE TO HELP IN REFINING THE CROSS TERMS IN CASES SUCH AS 
MONOCLINIC OR IRICLINIC. (E.G. H,K,L AND HrK.-L FOR MONOCLINIC , R UNIQUE) 

4. THE MINIMUM NUMBER OF INDEPENDENT REFLECTIONS SHOULD BE THREE TIMES THE 
NUMBER OF CELL PARAMETERS TO BE DETERMINED, (E.G. GREATER THAN 12 FOR 
MONOCLINIC AND GREATER THAN 18 FOR TRICLINIC) BUT IN PRACTICE AN OVER- 
DETERMINATION OF FOUR OR FIVE IS SAFEST ESPECIALLY WHEN PEAK DATA IS TO 
BE GATHERED. 

5. AVERAGE OVER ANY EQUIVALENT REFLECTIONS THAT MAY BE AVAILABLE (E.G. 

-H,K,-L AND H,K,L IN A b “OUNTED MONOCLINIC), 

6. BE SURE TO MEASURE AS MANY DIFFERENT ORDERS AS POSSIBLE. 

=DIFSET= - GENERATES THE ACTUAL VALUES OF CHI, PHI, START TWO THETA, STOP TWO 
THETA, OR TWO THETA PEAK NEEDED FOR MEASUREMENT OF DATA. IT IS LINKED TO 
=PARAM= AND MAY BE RUN RIGHT «FTER IT UTILIZING THE LATEST REFINED CELL 
PARAMETERS. IT WILL SIMPLY LIST THESE VALUES FOR FURTHER EXPLORATION OF A 
GIVEN CRYSTAL - GA ( HER ING MORE TWO THETA DATA, FOR EXAMPLE. IT WILL ALSO 
PREPApE PUNCHEO CARDS OR ELSE WRITE THE INFORMATION ON =MFlLEH= FOR USE BY 
=01FPCH=. 

=DIFPCH= - READS THE OUTPUT OF =DIFSET= ANd SORTS THE REFLECTIONS IN SHELLS OF 
TWO THETA. WITHIN EACH SHELL IT SORTS ON PHI AND CHI SUCH THAT PHI ALWAyS 
ADVANCES AND CHI GOES BACK AND FORTH. IT ALSO INSERTS GIVEN STANDARDS AT 
REGULAR INTERVALS «NO RESETS PHI IN EACH INSTANCE SO THAT IT WILL ALWAYS DRIVE 
FORWARD. IT THEN PUNCHES XRO-6 SETTINGS CARDS FOR USE IN THE MACHINE. THESE 
MAY BE PUNCHED AS (FIXED CRYSTAL FIXED COUNTER) PEAK HEIGHTS, (TWO THETA- 
OMEGA) SCANS OR PE«K H£IGHT-S<"AN PAIRS. THE LAST CASE MAY BE USED FOR 
GATHERING INFORMATION FOR PEA* HEIGHT SCA N CONVERSION BUT =DAtC03= DESCRIBED 
NEXT, OFFERS A BET I ER METHOU FOR OBTAINING THESE SETTINGS CARDS. 

=DATC03S - PROCESSES THE OUTPUT OF THE XRD-6, IT TREATS PEAK HEIGHT DATA AND 
WILL, IF GIVEN A T»bLE OF CONVERSION FACTORS, CONVERT IT TO 5C A N BASIS As A 
FUNCTION OF TWO THC.TA (bY FOU« POINT INTERPOLATION FROM THE TABLE). IT WILL 
TREAT TWO THET A-OMtGA SCAN UAT A TO AID IN DEVELOPING THE CONVERSION AS A 
FUNCTION OF TWO THtTA , WHEN PROCESSING THE PEAK HEIGHT DATA, IT CAN RE CODED 
TO PRODUCE SCAN CAKUS FOR ALL REFLECTIONS ABOVE A GIVEN NUMBER OF DECACOuNTS 
INTENSITY OR, TO ISSUE PAIRS OF SCAN-PEAK HEIGHT CARDS FOR A LIMITED NUMBER OF 
PEAKS' IN EACH REGIUN OF TWO T«ETA FOR DEVELOPING THE CONvERStoN INFORMATION, 
THIS REQUIRES A TAbLE OF SCAN RANGE AS A FUNCTION OF TWO THETA TO BE SUPPLIED. 
FINALLY, after ALL PRELIMINARY WORK IS DONE AND THE CONVERSION FACTORS are 
KNOWN, THE PROGRAM WILL PRODUCE A SORTED, AVERAGED, UNIQUE ASYMMETRIC SET 
OF REFLECTIONS ON SNFILEI= READY TO BE PROCESSED BY rDATRDNs, IN THE 
CASE WHERE ONLY ONt MEASUREMENT EXISTS, IT IS ACCEPTED. WHERE TWO EXIST, 

THEY ARE AVERAGED UNLESS ONE IS A GIVEN NUMBER OF COUNTING STATISTIC STAN- 
DARD DEVIATIONS LOWER IN WHICH CASE IT IS REJECTED AND THE HIGHER ACCEPTED, 
WHERE THREE OR MORE EXIST, THEY ARE ALL AvERAGEU AND ANY WHICH ARE A GIVEN 
NUMBER OF STANDARD DEVIATIONS FROM THE MEAN ARE REJECTED. ALL REJECTION 
CRITERIA ARE USER CONTROLLED, THE ESTIMATED STANDARD DEVIATIONS ARE PROPERLY 
ADJUSTED DURING THt AVERAGING PROCESS. ANY SYSTEMATIC CHANGE IN INTENSITY 
MAY BE COMPENSATED FOR BY sSCALEs CARDS, 
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THE OBJECTIVE OE THIS SET OF PROGRAMS IS TO PROVIDE A MEANS OF 
EXPLORING RECIPROCAL SPACE as QUICKLY AS POSSIBLE using 10-20-10 second peak 
height MEASUREMENTS. THEN to GO BACK AND DEVELOP A TABLE OF pEAK HEIGHT TO 
SCAN CONVERSION FACTORS AS A FUNCTION OF TWO THETA AND THEN TO GATHER A 
20 SEC-SCAN-20 SEC SCAN DATA ON ALL THE LARGER REFLECTIONS AND FINALLY TO SORT 
AND MERGE The WHOLt COLLECTION INTO AS PRECISE ANO v.IDE AN INTENSITY RANGE 
AS THE XRD-6 WILL ENCOMPASS. BY USING THE PEAK HEIGHT MEASUREMENT ON THE LOW 
INTENSITIES IT IS HOPED TO PICK UP VALUES THAT WOULD BE 'LESS TNANS' based ON 
A SCAN, BY SCANNING ALL THE LARGE REFLECTIONS IT IS HOPED TO KEEP THE TOTAL 
SCANNjMG TIME DOWN. by DOING ALL IMPORTANT REFLECTIONS TWICE WE HOPE TO 
MITIGATE ACCIDENTAL INSTRUMENT FAILURES. SINCE THE AyER AGE SC AN TIME IS ONE 
MINUTE FORTY SECONUS PLUS SETTING TIME AND THE PEAK TIME IS J'jST FORTY SECONDS 
PLUS SETTING TIME I HE TIME FACTOR IS REDUCED. I HE SORTING DONE BY =DIFPCH= 
HELPS KEEP THE SET I ING TIME TO A MINIMUM. 
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LOCATION OF PEAKS IN FOURIER MAPS 


=PEKPIK= WAb WRITTEN BY MARGARET 0, DAYHOFF AND JAMES M. STEWART. 

IT EXAMINES A FOURIER OR PATTERSON MAP AND RETURNS THE COORDINATES AND 
DENSITY OF THE MAXIMA. THREt ADDITIVE ONE_DImENSIONAL PARABOLIC INTERPOLATIONS 
ARE MADE TO FIND THt COORDINATES AND THE DENSITY OF THE TRUE PEAK. 

THE MAXIMUM DEVIATION OF THIS APPROXIMATION TO A ONE-DIMENSIONAL GAUSSIAN CURVE 
IS .00? GRID UNITS AND .02 PERrENT DENSITY FROM THE TRUE VALUE. 

THE FOURIER OR PATTERSON MAP WHICH WAS PREPARED AS A BINARY FILE (ON 
=NFILEE=> BY THE =FOURR= PROGRAM IS READ INTO CORE. ONE LAYER aT A TIME. 
INCLUDING AS MANY Ab 20,000 POINTS PER LAYER. THE LAYER IS SCANNED FOP GRID 
PEAKS. NEAR EACH OF THESE, THE TRUE PFAK LOCATION AND DENSITY IS DETERMINED 
AND THE VALUES STORED. MAXIMA WITHIN ONE-HALF GRID UNIT OF THE BOUNDARY 
SURFACE OF THE MAP ARE ACCEPTED AS BEING IN THE SURFACE. AS SUCCESSIVE LAYERS 
ARE READ IN, KECOKDb ARE KEPT "F THE LOCATION, DENSITY, AND LAyER NUMBERS OF 
EACH PEAK IN THE LAbT TWO LAYERS IN WHICH IT HAS BEEN FOUND. AS SOON AS THE 
DENSITY OF A PEAK DtCREASES , T W E INTERPOLATION BETWEEN THREE SUCCESSIVE LAYER 
PEAKS IS MADE ANU COORDINATES ®ND DENSITY ARE PRINTED OUT. IF THREE PEAKS 
ARE AVAILABLE. A PARABOLIC FIT IS MADE. IF ONLY TWO HAVE BEEN FOUND, THE 
LARGER IS ASSUMED TU BE THE EX«CT POSITION. IDENTICAL PEAKS FROM EACH LAyER 
MUST BE MATCHtO. A RESOLUTION OF TWO GRID UNITS IS USED. 100 PEAKS APPEARING 
IN ONE LAYER CAN BE STORED. A*'Y EXCESS IS LOST. THIS MAY HAPPEN IF THE CUTOFF 
OF DENSITY IS SET TUO LOW OR if TOO MANY Peaks are SEARCHED for in one pass. 
PEAKS ARE ELIMINATED FROM THE ( ISTS WHEN THEY ARE NO LONGER DETECTABLE IN THE 
LATEST LAYER. GRID POINTS BELOW A SPECIFIED LEVEL ARE SKIPPED OVER. IF ANY 
GRID POINTS (HOLES) ARE BELOW « SPECIFIED LEVEL, A SIGNAL IS SET. IF 

the number of peaks read out becomes too great, peak-picking is terminated. 

AS MANY as BOO THREE-DIMENSIONAL PEAKS ARE stored, SYMMETRICALLY 
RELATED PEAKS ARE ELIMINATED AS EACH NEW PEAK IS FOUND, THE EQUIVALENT PEAK 
WITH HIGHEST DENSITY IS RETAINS. A RESOLUTION OF .75 ANGSTROMS IS USED TO 
DISTINGUISH DIFFERENT PEAKS, IF SPECIAL RESOLUTION IS DESIRED, IT MAY BE SET 
DURING THE SEARCH, 

AFTER ALL the LAYERS HAVE BEEN SEARCHED, a SPECIFIED Number OF PEAKS OF 
HIGHEST densuty are retained, listed, and can be output ON CARDS, 

IF DESIRED, HOLES MAY HE SOUGHT, 

AS A PRACTICAL APPLICATION, THIS PROGRAM CAN PROVE VERY HELPFUL IN 
SEARCHING E MAPS (E.G. FOURIER WITH K ARLE-HAuPTMAN E VALUES AS COEFFICIENTS AND 
PHASES OBTAINED BY I HE SYMBOLIC ADDITION PROCEDURE). £OR HEAVY ATOM STRUCTURES 

it will be found useful to search first the sharpened patterson with origin 
removed for PRECISE HEAVY ATOM COORDINATES AND THEN SUBSEQUENTLY THE FO-FC 
DIFFERENCE map for ihe light ATOM POSITIONS, THIS LATTER map has proved more 
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POWERFUL because of THE MITIGATION OF THE SERIES TERMINATION errors and the 
ADDED CLARITY OF THt LIGHT ATOM POSITIONS. 
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AN ALG0RI1HM FOR FINDING A SET OF PHASES DIRECTLY FROM 


SIGMA-IWO RELATIONSHIPS ( CENTrOSYMMETR IC CASE) 


"Phaser was written *y r,v. chastain, e.g. roonstra, and j,m. 

STEWARt. this PROGRAM is DESIGNED to OBTAIN A SET of phases FOP THE SOLUTION 
OF CENTROSYMMcTRIC STRUCTURES. IT USES AN APPROACH WHICH TREATS THE OUTPUT 
OF THE SIGMA-TWO SEARCH BY A OIRECT SOLUTION OF PROOuCT EQUATIONS USING A 
MULTI-cYMBOLlC APPROACH TECHNIQUE, AFTER THE SOLUTION IS CARRIED OUT, THERE 
IS A REVIEW OF THE RESULTS TO "10 JM ESTABLISHING IF THE SOLUTION IS CORRECT 
OR IF THERE ARE ALTERNATIVE POSSIBLE SOLUTIONS. 

THERE ARE TWO DISTINCT WAYS IN WHICH THE PROGRAM MAY BE USED. THE 
CHOICE IS DEPENDENT UPON PRESENCE OR ABSENCE OF TRANSLATIONAL SYMMETRY 
(EXCLUSIVE OF BRAVA1S LATTICE TRANSLATIONS). WHEN THERE IS A GREAT DEAL OF 
TRANSLATIONAL SYMMEIRY SUCH as IN P2 OR PBC.A, THE PROGRAM IS MOST POWERFUL 
BECAUSE SYMMETRICALLY EQUIVALENT REFLECTIONS HAVE THE POSSIBILITY OF PRODUCING 
PHASE PEVERSALS < SEc. ALSO l.GE^ERL - SYMMETRY) WHICH Are A good WAY OF checking 
THE RESULTS. WHEN I HERE IS LITTLE OR NO TRANSLATIONAL SYMMETRY , SUCH AS IN 
P1SAR OR PMMm, THERt IS ALWAYS THE DANGER OF PRODUCING THE 'ALL PLUS 

catastrophe*, this ’catastrophe* is always possible because of the lack of the 

CHECKS WHICH ARISE FROM TRANSLATIONAL SYMMETRY, 

DESCRIPTION of THE METHOD 


THE 0UTPUI OF THE =STNGEN= PROGRAM CONSISTS OF THE RELATIONSHIPS 
WHICH ARE SHOWN IN i.SINGEN, 

THROUGH THE USE OF STANDARD TRIGONOMETRIC jDENTITIES THE EQUATION 

PHI ( HI ) + PHI(H2) + PH! (H3) + PHI t SHIFT > = PSI 

MAY BE SHOWN TO RESULT IN A SIMPLE PRODUCT RELATIONSHIP IN THE CENTROSYMMETRIC 
CASE. FIRSTLY. ALL VALUES OF PS I MAY be SET TO £ERO (WHICH IS A BASIC 
ASSUMPTION IN SETTING OUT TO APPLY THE 'SYMBOLIC ADDITION PROCEDURE’ OF KARLE 
AND KARLE), SECONDLY, SINCE ALL THE VALUES OF PHI ARE 0 OR PI , THEIR COSINES 
ARE SImPLY + OR -1,0. THUS THF PRODUCT RELATIONSHIP BECOMES — 

SE<Hl)*SE<Hii)*SE<H3) = SO ( DtLT A ) 

WHERE SE AND SO ARE MORE CAREFULLY DEFINED AT THE END OF THIS SECTION. AT 
THIS POINT LET IT Bt SAID THAT SE(Hl) MEAN S THE SIGN OF THE E OF A GIVEN 

REFLECTION, HI, AND THAT SO OF DELTA Is THE SIGN THAT RESULTS FROM ANY PHASE 
CHANGE NECESSARY SO THAT HI, H2, H3 ARE KEPT IN THE ASYMMETRIC SET OF 
REFLECTIONS SUPPLIED AT =OATRD' > '= TIME (SEE I.SINGEN) 
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EACH REFLATION <H) tS SUPPLIED a ‘SYMBOLIC PHASE’ AT =SINGEN= TIME 
WHICH IS SIMPLY AN INTEGER £QU 0 L TO ITS RANK ACCORDING TO DECREASING VALUE OF 
E MAGNITUDE. THUS. THE HIGHtST E VALUE REFLECTION HAS SYMBOLIC PHASE 1 AnO SO 
ON DOWN. THE OUTPUI OF =SING£n= CAN THUS BE USED TO PRODUCE A LARGE NUMBER 

of product equations in terms of these symbols, the next step is to decide 

WHICH OF THE SYMBOLS SHOULD BE SOLVED FOR DIRECTLY. A ROUGH RuLE IS TO TRY 
INITIALLY TO SOLVE DIRECTLY FO« A NUMBER OF SYMBOLS EQU*L TO THREE TIMES THE 
NUMBER OF ATOMS (EXCLUSIVE OF HYDROGEN) IN THE ASYMMETRIC. PArT OF THE UNIT 
CELL. WHATEVER NUMBER IS DEC I"E0 UPON, THIS SUBSET OF REFLECTION PHASES ARE 
CALLED ’GENERATORS’. SINCE. ONCE THEY ARE KNOWN, MANY MORE PHASES MAY BE 
GENERATED FROM THEM WITH VERY LITTLE TROUBLE, IN STRAIGHTFORWARD CASES WITH 

high translational symmetry, a large number of generators will usually give 
a solution on the first attempt, when the translational SYMMETRY is low or 
the data is not of the best quality, it is best to keep the number of 
GENERATORS LOWER. in this way the symbols WHICH are 'hard to FIND’ WILL be 
left UNSOLVED AND may BE FORCED ONE WAY OR ANOTHER SYSTEMATICALLY. THUS 
UNCOVERING THE PHYSICALLY CORRECT SOLUTION, THE CLASSIC ’ALL PLUS CATASTROPHE' 
ARISES IN P18AR WHERE, IF THE NUMBER OF GENERATORS IS SET TOO HIGH, THIS 
TRIVIAL SOLUTION OF THE PRODUCT EQUATIONS wILL BE FOUND. THE METHOD HERE IS TO 
SET THE NUMBER, SUCH THAT, SAY TWO SYMBOLS OVER AND ABOVE THE ORIGIN DEFINING 
SYMBOLS ARE LEFT UNSOLVED ANU THEN TO CONSIDER THEM + -, - 4 -, OR — IN TURN, 

E MAPS MAY BE CALCUALTED IN EACH CASE AND SEARCHED FOR THE ANSWER. IN VERY 
BAD CASES IN P1BAR, AS MANY AS FIVE ADDITIqNAL SYMBOLS MAY BE REQUIRED. MUCH 
ABOVE THIS LEVEL SUGGESTS THAT OTHER STRATEGIES ARE IN ORDER (SEE =TANGEN=). 

CONSIDER A STRUCTURE IN WHICH 30 GENERATORS ARE 70 BE SOUGHT DIRECTLY. 
THERE W ILL NOT IN GtNT.RAL (IF EVER ) BE 30 glGMA-TWO PRODUCT EQU A TI0NS 
WHICH RELATE THESE JO SYMBOLIC PHASES. IT IS THEREFORE NECESSARY TO DEFINE TWO 
KINDS OF PRODUCT EQUATIONS- THOSE OF ’THE FIRST KIND’ WHICH COME DIRECTLY FROM 
THE SIGMA-TWO PROCESS 

(E.G., 1*7**2 = + ) 

AND THOSE OF ’THE SECOND KIND’ WHICH ARE PRODUCED BY ELIMINATION A SINGLE 
•NON-GENERATOR' BETWEEN TWO DIFFERENT SIGMA-TWO RELATIONSHIPS. 

(E.G, , 2*9*35 = - AND 7*12*35 = * HENCE 2*9*7*12 s -) 

THESE RELATIONSHIPS OF THE SECOND KIND PRACTICALLY ALWAYS MAKE IT POSSIBLE TO . 
PRODUCE A SUFFICIENI NUMBER OF PRODUCT EQUATIONS TO . REDUCE All GENERATORS TO 
BE EXPRESSED IN TERMS OF THE LOWEST SYMBOLS SUITABLE TO DEFINE THE ORIGIN. 

THE PROGRAM IS SET 10 CARRY OUT THIS OPERATION IF THE UNKNOWN NUMBER OF SYMBOLS 
AND THEIR PARITY GROUPS SATISFY THE CONDITIONS FOR ORIGIN DEFINITION (SEE 
1. SIGMA). DETAILS OF THE ACTUAL PROCEDURE ARE GIVEN IN CRYSTALLOGRAPHIC 
COMPUTING. PROCEEDINGS OF THE OTTAWA INTERNATIONAL SUMMER SCHOOL, PAPER Ag, 
MUNKSGAARD, 1970, ED. F.R, AHMED, 

THE OVERALL PROCESSES THAT ARE PROGRAMMED ARE AS FOLLOWS — 

1. THF OUTPUT OF rSIGMAS IS LOADED INTO CoRE, ALL RELATIONSHIPS OF THE 
FIRST KIND ARE SAVED AND ALL RELATIONSHIPS OF THE SECOND KIND ARE 
formed For the NUMBER OF GENERATORS specified, RELATIONSHIPS of the 
SECOND KIND ARE ASSIGNED A PROBABILITY VALUE CORRESPONDING TO THE LOWEST OF 
THE TWO SIGMA-TWO RELATIONSHIPS (EMPIRjCAL BASIS). 
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2. ALL THE RELATIONSHIPS OF T-E FIRST AND SECOND KIND ARE sorted IN DECREASING 
ORDER OF PROBABILITY AND EACH is ASSIGNED A CATALOG NUMBER FOR PURPOSES 

OF REFERENCE. 

3. A T RIANGULAR MATRIX OF ORD<-R EQUAL TO THE NUMBER OF SOUGHT GENERATORS IS 
SEr UP. 


4. thf sorted RELA I IONSHIPS A«E SCANNFD From HIGHEST PROBABILITY to lowest 
AND EVERY ENCOUNTERED RELATIONSHIP WHICH CAN SERVE TO CAUSE A HIGHER 
SYMBOL TO BE EXPRESSED IN TERMS OF LOWER SYMBOLS* IS UTILIZED. THE END 
OF THE SOLUTION ATTEMPT IS EITHER WHEN ALL SYMBOLS ARE KNOVfN OR WHEN ALL 
THE RELATIONSHIPS ARE SCANNED. 

5. THE RESULTS OF IHIS OPERATION ARE PRINTED OUT IN A NUMBER OF CATEGORIES - 
•DEFINED tJY USEK» , •UNDETERMINED* , 'PHASE REDUCES TO', 'DETERMINED TO BE', 
OR 'MISSING'. I HUS EVERY GENERATOR IS ACCOUNTED FOR. IN THE CASE OF 
•PHASE REDUCES 10' THE RELATIVE PHASE IS PRINTED ALONG WITH THE PRODUCTS 
OF THE SYMBOLS UPON WHICH THE GIVEN PHASE DEPENDS. E.G. 44 PHASE REDUCES 
TO -1*3. 


6. DUPING THE PROCESS CF SOLUTION A *PEDIf-,REE ' IS KEPT, SUCH THAT EVERY 
RELATIONSHIP FRUM THE SORTED LIST WHICH IS USED IN THE SOLUTION OF AN'Y 
GIVEN SYMBOLIC PHASE IS NOTED. THIS MEANS THAT ONE MAY SEE DUST 
WHICH RELATIONSHIPS (BY CATALOG NUMBER) WERE USED TO SOLVE FOR EACH 
GENERATOR SOUGHI, THIS CA~ BE USED IN A POWERFUL W*Y AS DISCUSSED BELOW. 

7. AT THE END OF THE SOLUTION PROCESS, THE NUMBER AND PARITY GROUPS OF ANY 
UNDETERMINED PHASES ARE CHECKED. IF THEY MEET THE CRITERION FOR ORIGIN 
DEFINITION THEY ARE ASSIGNED A VALUE OF + AS ORIGIN DEFINING REFLECTIONS. 

a, THE PEDIGREE IS then PRINTED AND STORED FOR the CHECKIN6 PROCESS WHICH 
FOLLOWS. THE SYMBOLIC PHASES AND CATALOG NUMBERS OF THE SORTED 
RELATIONSHIPS AKE USED FOR THIS DISPLAY. 

9. THF SOLUTION OF N GENERATORS WILL USUALLY ONLY REQUIRE N-’ RELATIONSHIPS 
FROM THE SORTED SET. THE SORTED SET ON Th'E OTHER HAND WILL USUALLY 
CONTAIN 11) TO 3U N MEMBERS, THIS MEANS THAT THERE IS A TREMENDOUS 
0 VERDE TERM I NAT I UN RATIO F OH THE SOLUTION OF THE PRODUCT EGu fl TIONS. UNDER 
THESE CONDITIONS, THE SOLUTION MAY BE SUBSTITUTED INTO ALL THE 
RELATIONSHIPS AND BY MEANS OF THE INFORMATION CONTAINED IN THE PEDIGREE, A 
CHFCK CAN BE MAUE ON THE N-3 EQUATIONS ACTUALLY USED IN THE SOLUTION FOR 
THE GENERATORS, 

FROM THIS PR0CEB5, A TABLE OF 'DISCREPANCY DIFFERENCES' MAY BE DEVELOPED 
WHICH SHOWS THE DIFFERENCE IN THE NUMBER OF TIMES EACH OF THE RELATIONSHIPS 
USED IN THE SOLUTION APPEAR WRONG MINUS THE NUMBER OF TIMES THEY APPEAR TO 
AGREE. WHEN THtSE DIFFERENCES ARE MlNljS, THE RELATIONSHIPS ARE ACCEPTED. 

IF THE DIFFERENCE IS PLUS, THE CONDEMNED RELATIONSHIP IS ARBITRARILY 
CHANGED IN SIGN AND THE APPROPRIATE SIGNS CHANGED. IF EFFECT, THIS IS AN 
ATTEMPT TO FINO ANY RELATIONSHIP WHICH VIOLATES THE ASSUMPTION THAT THE PSl 
GIVEN IN THE EQUATION ABOVE- IS TRULY ZERO. IT SELDOM HAPPENS THAT THIS 
OCCURS, BUT WHEN IT DOES THIS STRATEGY IS VERY POWERFUL. IT IS NOT 
USEFUL FOR SPACt GROUPS WITH NO TRANSLATIONAL SYMMETRY (WHERE NO 
DISCREPANCIES CAN ARISE). 
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10. LASTLY. Tl *£- GENERATORS ARE SUBSTITUTED INTO ALL SIGMA-TWO RELATIONSHIPS AND 
ARP USED TO GENERATE ALL PHASES POSSIBLE. THESE ARE PLACED IN AN OUTPUT 
BINARY DATA PILE WHICH MAY THEN HE USED TO CALCULATE AN E MAP OR AN «F 
PHASED FROM STATISTICS' FOURIER MAP , EACH GENERATED PHASE MAY I N. FACT 
HAVE SEVERAL SEPARATE DETERMINATIONS. WHEN THERE ARE SOME DISCREPANCIES' 

IN THESE SEPARAIE DETERM I N »T IONS A RAT jO OF AGREEMENT MAy BE SET AND THOSE 
PHASES IN DOUBT WILL NOT BE ASSIGNED A PHASE,. 

THE FOLLOWING DESCRIPTION OF THE. METHOD DESCRIBES MORE RIGOROUSLY THE 
ACTUAL SOLUTION' PROCESS AND THE FORMATION pF THE .RELATIONSHIPS AND PEDIGREE. 

ALL SIGMA-TWO RELATIONSHIPS OF THE E'S ABOVE An ARBITRARY VALUE 
! USUALLY E GREATER 1 HAN OR EQUAL TO 1.5 DEPENDING ON COMPUTER SPEED AND TIME) 
ARE GENERATED BY =SIGMA=. =SIGMA= WRITES ALL POSSIBLE RELATIONSHIPS ONTO 

AN INTERMEDIATE SCRATCH FILE. rPHASEr CAN THEN SELECT FROM THIS FILE AN 
ARBITRARY SUBSET OF THE WHOLE RET OF SIGMA-TwO RELATIONSHIPS. FOR PURPOSES 
Or THIc DESCRIPTION, THE ORIGINAL SIGMA-TWO RELATIONSHIPS ARE'' DEALT WITH IN TWO 
DISTINCT ways. the first SUBSI-T IS TAKEN DIRECTLY FROM THE OUTPUT OF =SIGMA2=. 
THESE ARE REFERRED 10 AS SIGMA-TWO RELATIONSHIPS OF 'THE FIRST KIND' AND 'ARE 
EXPRESSED AS — 

SE ( H ) SE ( K ) SE ( L ) = PKJ), P(J) (FIRST KIND) 

WHERE J IS THE RELAI 10NSH1P CATALOG NUMBER., H, K * AND £ APE CATALOG NUMBERS 
OF THE E'S, SE ( H I IS THE SIGN of £(H), PI IS THE SYMMETRY SIGN <E.G. FOR 
HONE 0AR .ALL PKJ) ARE < + )). A NO P(J) IS PROBABILITY THAT. THE J-TH 
RELATIONSHIP IS VALlU. 

' SIGMA-TWO RELATIONSHIPS OF * THE SECOND KIND' ARE NEXT FORMED AS ' 
PRODUCTS BETWEEN RELATIONSHIPS OF THE FIRST KIND WHICH HAyF A COMMON SIGN 
FACTOR (SYMBOLIC PHASE) FOR THF THIRD MEMBER , WE EXPRESS THESE AS — ' 


SE ( H ) sp ( K ) SE ( L ) SE ( H ' ) SE ( K ' ) SE ( L ' ) r PI(I)PKK), P(I), OR P(,K) WHICHEVER IS 
SMALLER 

WHICH REDUCES. TO ' , ' 

S£ ( H ) SE ( K ) SE ( H * ) SE ( K ' ) = PKJ), P(J) (SECOND KIND) 

IN ORDFR TO MAINTAIN A HIGH CONFIDENCE LEVEL WITH THE RELATIONSHIPS OF THE 
SECOND KIND, £ ( L ) IN THE ABOVE EXPRESSION, IT IS NECESSARY TO HAVE A VALUE 
EQUAL TO OR GREATER THAN SOME ARBITRARY LEyEL (NOTE 1). THE COMBINED SET- OF 
RELATIONSHIPS Or THE FIRST AND SECOND KIND IS REFERRED To AS ThE EXTENDED SET 
OF RELATIONSHIPS AKUNG THE SYMBOLIC PHASES. 

E ( 1 ) TO. .£<«> , IN DECREASING VALUE OF E, ARE DSFTnED AS > GENERATORS * , 
THAT Is, THEIR PHASES WILL fit SOLVED DIRECTLY. IT IS ON THE BASIS OF M , THE 
NUMBER OF GENERATORS' SOUGHT, T M A T THE SELECTION OF RELATIONSHIPS OF THE SECOND 
KIND IS BASED. FOR RELATIONSHIPS OF THE FjRST KIND E < H ) , E ( K ) , AND E ( L ) ARE 
ALL GREATER THAN OH cGUAL TO E ( M ) . IN RELATIONSHIPS. OF THE SECOND KIND, A 
COMMON E(L) (=E(L»)) LESS THAN E ( M ) IS ELIMINATED TO FORM THE RELATIONSHIP 
FROM A PAIR CF PARENT SIGMA-TWO RELATIONSHIPS. £(M+1) TO E (N) ARE REFERRED 
TO AS * 6ENERATE0 ' BECAUSE THEIR PHASES WILL SE GENERATED IN TERMS OF THE 
PHASES OF THE 'GENERATORS'. T M E EXTENDED c,ET CF RELATIONSHIPS IS NOW 



x. phase; 


102 

04/22/72 


LIMITED TO THOSE RELATIONSHIPS INVOLVING O.mLY THE GENERATORS AND HAVING P(J) 
GREATER THAN SOME ARBITRARY VAI.UE. FOR OP I IMI ?AT ION, THE LIMITED SUtSFT OF 
RELATIONSHIPS IS SOKTED IN the OROER OF DECREASING P(J). 

THE LIMlTtU SUBSET O e RELATIONSHIPS IS NOW SOLVED BY ASSUMING ThAT 
EVERY RELATIONSHIP IN THE LIMITED SUBSET IS CORRECT (NOTE 2), 

EVERY SIGN OF THE GENERATORS WHICH IS DETERMINED IS EXPRESSED AS 

SE ( H ) - 0(H) N : 1,21.4.,,, H WHERE 

the function o(h> is a product of pi's from the equations used in the 
inversion, and the arbitrary phases permitted eY the space group, this set of 

SIGNS for the GENERATORS MAY HE A GOOD FIRST APPROXIMATION To THE CORRECT SET 
OF PHASES (NOTE 3). 

NOT ONLY UOES THE PRODUCT OF PI'S IN 0(H) SERVE TO DEFINE THE SIGN OF 
E ( H ) , IT ALSO SHOWS EACH PI UP f 'N WHICH THE SIGN Or E(K) IR DEPENDENT. FOR THIS 
REASON 0(H) IS REFERRED TO AS THE PEDIGREE OF SE<H>. THROUGH THE SET OF THE 
M O'S IT IS POSSIBLE. TO FIND ALL SE’S WHICH ARE AFFECTED BY A CHANGE IN ANY 
GIVEN PI , 


THE INVERSION PROCESS REQUIRED ONLY M RELATIONSHIPS OF THE COMPLETE 
LIMITED SUBSET OF RELATIONSHIPS OF THE FIRST AND SECOND KIND. THE REMAINDER OF 
THE RELATIONSHIPS C«N HE USED TO CHECK THE REASONABLENESS Or THE APPROXIMATE 
SOLUTION. SOME NUMBER OF THE W £LAT 10NSH1PS MAY BE FOUND DISCREPANT, THAT IS 
SUBSET OF RELATIONSHIPS OF THE FIRST AND SECOND KIND. THE REMAINDER OF THE 
RELATIONSHIPS CAN Bt USED TO C»FCK THE REASONABLENESS OF THE APPROXIMATE 
SOLUTION. SOME NUMtstR OF THE RELATIONSHIPS MAY BE FOUND 'DISCREPANT', THAT IS 

SE ( H ) Sc ( K ) SE ( L ) NOT EQUAL TO Pt(U) OR SE (H> SE <K 1 S£ (H* 1 SE ( K * I NOT EQUAL TO PI(J) 

WHILE THE OTHER RELATIONSHIPS WILL BE FOUND ' ACCORDANT * , THAT IS 

SE t H ) SE ( K ) SE ( L ) = PKU) OR SE (") SE ( K ) St ( H» ) SE (K ' ) = PI(J) 

THE PROGRAM IS DESIGNED TO 'MODIFY THE APPROXIMATE SOLUTION To REDUCE THE TOTAL 
NUMBER OF DISCREPANI RELATIONSHIPS. TO ACCOMPLISH THIS, A SECOND KIM) Cr 
PEDIGREE IS INTRODUCED - THE PEDIGREE OF A RELATIONSHIP. THE ELEMENTS OF THIS 
PEDIGREE APE FOUN'O AS THE PESU1 TANT FACTORS GIVEN BY THE PRODUCTS OF THE 
SYMMETRY SIGN AND THE PEDIGREE OF THE RE'S INVOLVED IN THE RELATIONSHIPS. 

THAT IR — 

0(H)0(K)0(L)PI(U> OR 0(H)0(K)0«H» )0(K« )PI( j) 

THE PEDIGREE OF THE RELATIONSHIP SHOWS EACh. PI WHICH WILL INFLUENCE WHETHER 
THIS RELATIONSHIP IS ACCORDANT OR DISCREPANT. 

- THE ALGORITHM USED For MODIFYING THE APPROXIMATE SOLUTION EMPLOYS TWO 

COUNTS FOR EACH OF 1 HE PI'S INVOLVED IN THE INVERSION PROCESS. ONE COUNT, 

U(J),' IS THE NUMBER OF TIMES Pf(U) APPEARS IN PEDIGREES DISCREPANT 
RELATIONSHIPS. THE OTHER. COUNT, A(J>, IS THE NUMBER OF TIMES Pl(J) APPEARS IN 
THE’ PEDIGREES OF ACCORDANT RELATIONSHIPS. WHEN THE COUNTING Is COMPLETED FOR 
THE LIMITED SUBSET WK SIGMA-TWO RELATIONSHIPS, THE DISCREPANCY DIFFERENCES, 
DELTA (J) , ARE FORMEU. 


DELTAl J) 


D(J) 


A l J) 
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THE LIST OP DELTA’S IS SCANNED FOR THE LARGEST POSITIVE DELTA(J>» AND THE PI(J> 
ASSOCIATED WITH IT IS ESTABLISHED AS THE 'VILLAIN* (NOTE 4). SUCH AN EQUATION 
IS TERMED A ’CONDEMNED' EQUATION. 

AT THIS POINT, EACH SE WHICH CONTAINS THE VlLLAtN PI(J) IN ITS 
PEOIGREE IS CHANGED TO PRODUCE A NEW APPROXIMATION TO THE PHASES THAT WILL 
YIELD FEWER DISCREPANCIES. THE PROCESS CAN BE CARRIED OUT REPEATEDLY BY 
SUBSTITUTING THE NEW APPROXIMATION OF THE PHASES INTO THE LIMITED SET OF 
SIGMA-TWO RELATIONSHIPS UNTIL no MORE POSITIVE DELTA’S REMAIN. THE SET OF 
PHASES WHICH GIVES NO POSITIVE DELTA’S IS ACCEPTED AS A SOLUTION FOR A SET OF 
GENERATOR PHASES. 

IT IS IMPORTANT TO RFALI2E THAT tHE SIGN OF THE CONDEMNED EQUATION 
HAS BEEN INVERTED AND THE EQUATION NOT REMOVED FROM THE RELATIONSHIPS USED 
IN THE SOLUTION. ONE MAY WISH THROUGH THE USE OF rBADEONs OR =BADSIG= CAROS TO 
REMOVE SUCH RELATIONSHIPS FROM USE IN SUBSEQUENT RUNS. 

TO DETERMINE THE VALUES OF THE ’GENERATED’ PHASES# THE SIGMA-TWO 
RELATIONSHIPS ARE LIMITED TO THE SIGMA-TWO RELATIONSHIPS OF THE FIRST KIND 
WHICH CONTAIN TWO GENERATOR AN" ONE GENERATED PHASE. IF SE(L) IS THE PHASE TO 
BE GENERATED, AND SUM) AND SE(K) ARE KNOWN GENERATOR PHASES, THEN THE 
REARRANGED RELATIONSHIP — 

SE(L) = PI (J)SE(H)St(K) 

SERVES TO DEFINE THt PHASES SE<L>. SINCE ftNY PARTICULAR SECL) MAY BE 
DETERMINED MANY TIMtS, SOMETIMES RESULTING IN CONFLICTING PHASE VALUES, THE 
CURRENT CODE SIMPLY USES THE PHASE VALUE GIVEN MOST FREQUENTLY. SUBJECT TO 
A CONTROL PARAMETER# IT LEAVES AS UNDETERMINED THOSE PHASES FOR WHICH EQUAL 
NUMBERS OF OPPOSITE VALUES OCCUR, 

NOTES 

NOTE X, THIS MINIMUM E-VALUE IS USUALLY THE VALUE OF THE SMALLEST E TO HAVE 
ITS PHASE GENERATED. 

NOTE 2, SOMETIMES IT IS FOUNO THAT NOT ALL SE CAn Be SOLVEO FoR UNIQUELY, 

THIS IS USUALLY REMEOTEO BY EITHER LOWERING THE ESTABLISHED CONFIDENCE 
LEVELS OR BY INCREASING THE NUMBER PHASES TO BE USED AS GENERATORS, 
SOMETIMES IT IS EXPEDIENT MERELY TO WlTHDRA# THE FEW TROUBLESOME 
SE’S FROM I HE SUBSET <'F GENERATORS. 

NOTE 3. THIS IS BECAUSE MOST RELATIONSHIPS INVOLVING SIGNS OF LARGE E’S AND 
HAVING HIGH PROBABILITIES ARE EXPRESSING THE ’TRUTH’. 

NOTE 4. EXCEPT FOR THE ACCORDANT SIGMA TWO RELATIONSHIPS WHICH BY COINCIDENCE 
ARE OEPENDtNT ON AN EVEN NUMBER OF INCORRECT Pi’S# ALL RELATIONSHIPS 
DEPENDING UN A VILLAIN PI WILL BE DISCREPANT AND NO ACCORDANT 
RELATIONSHIPS WILL BE DEPENDENT ON A VILLAiN Pi. WITH GOOD DATA AND 
BY ESTABLISHING A SUFFICIENTLY HIGH CONFIDENCE LEVEL FOR THE 
RELATIONSHIPS USED# A(J) IN GENERAL WILL BE MUCH SMALLER THAN DCj) 

FOR A VILLAIN, 

ALSO# A CONDITION COULD EXIST IN WHICH TWO OR MORE DELTA’S COULD BE 
THE LARGES I NON-NEGATTVE DISCREPANCY DIFFERENCES, THIS CONDITION CAN 
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RtVIEW — A PROGRAM FOR REVIEWING DIRECT 


PHASE DETERMINATIONS 


THIS PROGRAM WAS WlRTTrN BY G. J. kHUGER AND Is DESIGNED 
TO COMpARE THE ACCURACY OF THE DIRECT PHASING METHODS WITH THE FINAL 
PHASES CALCULATED FROM THE REFINED STRUCTURE, WHEN USING THIS PROGRAM, 

THE BINARY DATA FILt SHOULD CONTAIN THE RESULTS OF THE PROGRAMS =FC=» 

SSINGEn=, AND POSSIBLY =TANG£N= AND =aphase=, 

IF THE PHASES ESTIMATED BY =TANGEN= ARE AVAILABLE, ThEIR VALUES 
ARE COMPARED WITH THOSE FROM A STRUCTURE FACTOR CALCULATION AND THE DIFFERENCES 
DISPLAYED IN A T ABLE AND A GRAPH. 

THE STATISTICAL STRUCTURE INVARIANT RELATIONSHIPS SET UP BY =SING£Nz 
IS IN THE FORM — 

PHI(H1,K1,LU + PHI (H2.K2.L2) + PHI ( H3 . K3 , L3 ) + PHI ( SHIFT ) = PSI 

BY SuBSTITUUNG THE PHWSE ANGLFS (PHI VALUES) CALCULATED BY =FCz 
INTO THE RELATIONSHIP THE ACTU»L VALUE OF PSI CAN BE CALCULATED. FURTHERMORE. 
BY USING THE AVERAGING PROCESS IN zAPHASEz AN AVERAGED VALUE OF PSI CAN BE 
ESTABLISHED. IF THt PHI VALUED ESTIMATED BY zTANGENz ARE AVAILABLE, AN 
ESTIMATED VALUE OF PSI CAN ALSU BE CALCULATED, 

THE STRUCTURE INVARIANT RELATIONSHIPS CAN BE USED IN TwO DIFFERENT 
WAYS. EITHER THE SIGMA TWO ASSUMPTION IS FOLLOWED WHERE PSI IS ASSURED TO 
BE ZERO. OP, THE PSI VALUE DERIVED BY THE AVERAGING PROCESS CAN BE USED 
DIRECTLY. THE EFFECTIVENESS OR THE DIRECT PHASING METHODS IS EXAMINED BY 
COMPARING the ACTUAL PSl VALUES WITH T H E SIGMA TWO ASSUMPTION V*LUE (ZERO), 

THE AVERAGED VALUE, AND THE ZT “NGENz ESTIMATED VALUE. 

THE COMPARISON IS DONE IN TWO STEPS. FIRST, THE PSI VALUES FOR 
TRIPLETS INVOLVING “E- ' S WITH » VALUE OREAfER THAN OR EQUAL TO A MINIMUM 
VALUE SET BY THE UStK, IS CALCULATED. THE DISTRIBUTION OF THE DEVIATIONS 
OF PSI FROM ZERO AND THE DEPENDENCE OF THE MAGNITUDE OF THE DEVIATIONS ON 
-A- IS THEN OISPLAYtU. THE DISTRIBUTION OF THE COSINE (PSD VALUES FOR 
RELATIONSHIPS WITH -A- GREATER THAN OR EOUAL TO A MINIMUM VALUE, SET BY THE 
USER. IS THEN DISPLAYED IN A T ABLE AND GRAPH. UP TO NINE DIFFERENT VALUES OF 
-A- CAN BE UStO, RESULTING IN np TO NINE GRAPHS FOR DIFFERENT V fl LUES OF -A-. 

SECONDLY. A VALUE OF PSI MAY BE DERIVED BY THE AVERAGING PROCESS 
IN =APhASE=. WHEN IHESE VALUES ARE USED THE TREATMENT IS SIMILAR TO THAT 
USED Im TREATING THt zSlNGENZ TRIPLETS. THE DEVIATIONS FROM THE CALCULATED 
PSI ARE DISPLAYED FUR THE ZERO-PS I- ASSUMPTION , THE AvErAGED-PSI , AND THE 
TANGENT-REFINEMENT-tSTIMATED PSI. 
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PROGRAM FOR TH£- CALCULATION OF R VALUES 


=RLIST= WAS WRITTEN BY WILLIAM KEEfE IN COLLABORATION WITH J.M, 

STEWARt. 


THIS PROGRAM IS DESIGNED TO EXPLORE ON SEVERAL BASES THE AGREEMENT 
BETWEEN CALCULATED AND OBSERVE" STRUCTURE FACTORS. IT IS DESIGNED TO SEPARATE 
THE REFLECTION DATA INTO A NUMBER OF GROUPINGS - SOME AS STANDARD FEATURES OF 
THE PROGRAM, the REST as SPECIFIED BY THE USER. THE STANDARD CLASSIFICATIONS 
ARE - ALL RELLECTIONS HqO. 0K0, OOL, HKO. HOL, OKL, HKL (ALL INDICES NON-ZERO), 
THE LEVEL SCALE GROUPS, BY EQU''L 0.1 I "CREviENTS OF SI N ( THETA ) /LAMBDA , AND BY 
GEOMETRIC INCREMENTS OF THE MAGNITUDE OF F OBSERVED, 0-1, 1-2. 2-4, 4-8, ETC. 
BEYOND THESE ONE MAY CHOOSE. THROUGH THE USE OF =CATEGC= CARDS, MANY OTHER ■ 
POSSIBLE CATEGORIES. THESE CATEGORIES MAY SPECIFY CLASSES OF REFLECTIONS, 
RANGES OF SIN ( THETA ) OVER LAMB 1 ’A , F OBSERVED, INTENSITY. CHI, OR PHI. TH£ 
OUTPUT IS THEN in the FORM OF COUNTS OF THE VARIOUS TYPES OF REFLECTION IN EACH 
CATEGORY. AND A number OF R VAl UES. THESE R VALUES TAKE THE FOLLOWING FORM — 

1. the 'Conventional* r. that is. the Sum of delta f over the sum of f 

OBSERVED FOR IHE OBSERVE" REFLECTIONS (DELTA F IS FO-FC ) . 

2. AN R VALUE FOR THE LESS-THANS. DELTA F IS SET EQUAL TO ZERO FOR THOSE 
REFLECTIONS FUR WHICH IT IS MINUS. THE LEVEL FOR ESTABLISHING A LESS- 
THAN IN TERMS of STANDAR" DEVIATIONS IN THE INTENSITY ABOVE BACKGROUND 
MAY BE SET AT CALCULATION TIME. 

3. THE SQUARE ROUT OF THE RATIO OF THF SUM OF THE LEAST SQUARES WEIGHTED 
DELTA F SQUARED OVER THE SUM OF THE WEIGHTED F'S 06SERVE0 SQUARED, 

4. the ’conventional* r including reflection multiplicity, 

5. the 'Conventional* r utilizing i observed and i calculated. 

6. THE SLOPE CF LN(FO/FC) VERSUS ( S I N ( THETA ) /LAMBDA ) SQUARED. THIS 
IS AN ESTIMATE- OF TEMPERATURE FACTOR FIT. 

7. THE RESCALE FACTOR RATIO WHICH IS THE SUM OF F CALCULATED OVER THE SUM OF 
F OBSERVED. 

8. AN APPROXIMATION OF THE STANDARD ERROR OF AN OBSERVATION CF UNIT WEIGHT. 

ONE MAY SELECT UP TO 500 CATEGORIES (DEPENDING ON MACHINE SIZE) PER 
RUN BY MEANS OF =CAIEGO= CARDS. THESE CARDS ALLOW FOR A jg CHARACTER NAME 
FOR THE CATEGORY WHICH IS TO BE SUPPLIED By THE USER FOR THE OUTPUT 
LISTING, A *MATCH» TEST FOR H, K, AND/OR L IS ESTABLISHED IF ANY OR ALL OF 
THESE FIELDS IS LEF I BLANK THEN ALL REFLECTIONS ARE TESTED FURTHER. IF HOWEVER 
A NUMBER IS PUNCHED THEN. ONLY REFLECTIONS WITH THE VAlUE(S> PUNCHED WILL BE 
INCLUDED IN THE CATteORY. FOR EXAMPLE, IF ONE PUNCHES 1 IN THE H FIELD, THEN 
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THE CATEGORY APPLIEb ONLY TO l^L REFLECTIONS, NEXT# ONE MAY SPECIFY THAT 
THE CATEGORY IS TO b£ BASED ON AN ADDITIVE COMBINATION OF THE MILLER INDICES 
HAVING A SPECIFIED VALUE. FOR EXAMPLE, ONE PUNCHES A 4 TO INDICATE THE CATE- 
GORY IS BASED ON H+K AND A 2 T" INDICATE THAT H+K MUST BE EVEN. THE FINAL 
ALTERNATIVES FOR CAIEGORIES ARE BASED ON RANGES OF VALUES FOR FIVE POSSIBLE 
CRYSTALLOGRAPHIC QUANTITIES - SIN THETA/LAMBDA# INTENSITY. F OBSERVED, CHI , 

OR PHI. 

THFSE POSSIBILITIES SHOlJL'> PERMIT THE EVALUATION OF STRUCTURES WITH VERY 
SPECIAL CATEGORIES OF REFLECTIONS. 

THE OUTPUT FOR ALL THE CATEGORIES CONSISTS OF THE VARIOUS R VALUES AND 
THE SUMMATIONS WHICH ARE USEU IN THEIR CALCULATION. NOTHING Is PRINTED FOR 
CATEGORIES WHICH HAVE MO REFLECTIONS IN THEM. THIS IS TO KEEP THE OUTPUT 
AS SHORT AS POSSIBLE.. 

a parameter may be set which causes individual reflections with a r value 

(DELTA F/FOBS) GREAIER THAN THF VALUE OF ThE PARAMETER TO BE LISTED. THIS 
PARAMETER APPLIES ONLY TO OBSERVED REFLECTIONS. 

CAUTION SHOULD BE EXERCISED IN THE USE OF THE OPTION WHICH AUTOMATICALLY 
PRINTS THE R VALUES FOR ALL CLASSES OF INDICES TAKEN ONE AT A TIME. THAT IS 
TO SAY ALL REFLECTIONS FOR H=0, THEN 1, THEN 2, THROUGH K=0# THEN 1, THEN L=l, 
ETC. FOR AN ORTHORHOMBIC CASE WITH MAXIMUM H, K, AND L OF 9o, THIS GIVES 1000 
CATEGORIES OF 5000 LINES WHICH IS ABOUT 100 PAGES OF OUTPUT. THIS OUTPUT IS 
USUALLY LARGE AND UNSELECTIVE, THE =CATEGO= CARD MAY BETTER BE USED TO TAILOR 
THE OUTPUT TO THE COMPOUND AT «ANO, 

IN ORDER TO CALCULATE THE R VALUES AS A FUNCTION OF CHI AND PHI, IT IS 
NECESSARY TO SUPPLY THE TRANSFORMATION MATrIX USED BY =DIFSET= (WHICH SEE). 
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SINGEN — A PHOGRAM FOR DrVELOPlNG SIGMA-TWO 


STRUCTURE INVARIANT RELATIONSHIPS 


WITHIN THfc. X-RAr system, there have been THREE PREVIOUS SIGMA-TWO 
PROGRAMS. THE FIRSI BY H. AMMON WAS REWRITTEN BY J. STEWART. R. CHASTAIN, 

AND E. C. BOOnSTRA and USED AS =SIGMA2= AND- AIMED PARTICULARLY AT THE 
CENTR0SYMMETR1C CASc.. AT THE SAME TIME, ANOTHER PROGRAM, =SI6MA=, WAS 
DEVELOPED HY SYD HALL, AIMED PARTICULARLY AT THE ACENTRIC CASE AND USING A 
SIGNIFICANTLY DIFFERENT ALGORITHM FROM =SIGMA2=. BOTH PROGRAMS GAINED THEIR 
SPEED THROUGH DIFFERENT TECHNIOUES WHICH HaVE PROVEN TO BE COMPATIBLE. THUS, 
THIS Program is a RESULT of combining THESE TECHNIQUES Into A nEw GENERALIZED 
PROGRAM FOR THE GENERATION OF SIGMA-TWO RELATIONSHIPS. 

PROLOGUE 


THIS PROGRAM IS DESIGNED TO FIND THE REFLECTIONS WHICH HAVE INDICES 
SATISFYING THE CONDITION — 

HI + H2 + H3 = 0 

K1 + K2 + K3 = 0 I 

LI + L2 + L3 = 0 

WHERE (HN, KNf LN) IS THE VECTOR FOR THE NTH REFLECTION. THE VALUES OF 

(HN, KN, LN) MUST ENCOMPASS ALt. POSSIBLE REFLECTIONS IN THE LIMITING SPHERE. 

IN ORDER TO RELATE I HE ASYMMETRIC SET OF REFLECTIONS SUPPLIED TO THE 
REFLECTIONS WHICH SATISFY THE aHOVE CONDITION, IT MAY BE NECESSARY TO APPLY A 
SYMMETRY TRANSFORMA I ION <SEE l.GtNERL), 

THESE COMBINATIONS OF REFLECTIONS GIVE RISE TO THE STATISTICAL 
STRUCTURE INVARIANT RELATIONSHIP — 

PHI <H1,K1,L1 ) + PHI <H2*K?,L2) + PHI ( H3 * K3> L3 ) + PHI(SHIFT) = PSI 

THE VALUE OF THE RESIDUAL VARIABLE, PSI, IS OBTAINED IN TWO DISTINCT 
WAYS, WHEN THE PRODUCT OF THE THREE E(HN, K N,LN) VALUES IS LARGE, PSI IS 
APPROXIMATELY ZERO. MOREOVER, EVEN WHEN THE E PRODUCT IS SMALL t THE AVERAGE 
VALUE OF PSI OVER MANY RELATIONSHIPS TENDS TO BE ZERO. THE OTHER WAY IS TO 
ESTIMATE PSI BY MEANS OF A MORF COMPLICATED AVERAGING PROCESS. 


THESE RELATIONSHIPS M AY BE TREATED IN A NUMBER OF DIFFERENT WAYS 
TO DETERMINE A SET OF PHASES FOR A GIVEN STRUCTURE. 

1. IN THE EVENT THAT NUMERIC PHASES ARE TO BE USED DIRECTLY IN DETERMINING 
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FURTHER VALUt-S* IT IS FIRST REQUIRED TO SPECIFY THE CELL ORIGIN AND 
ENANTIOMORPH (WHERE NECESSARY). INFORMATION FOR THE CELL SPECIFICATION 
IS PRODUCED BY THE =SIN<-;EN= PROGRAM, WHEN THE SPECIFICATIONS ARE 
FOLLOWED* ONt MAY THEN USE THE RELATIONSHIPS TO MANUALLY GENERATE OTHER 
PHASES. 

MANUAL GENERATION OF PHASES USING THE SYMBOLIC ADDITION PROCEDURE IS 
ALSO POSSIBLE THOUGH THIS MAY NOT BE NECESSARY IF SOME 0? THE 
METHODS DESCRIBED BELOW ARE EMPLOYED. 

2, IN THE CENTRUSYMNETRIC CASE, THE RELATIONSHIPS FROM =SIN6£N= MAY BE 
USED DIRECTLT TO FORM A SET OF EQUATIONS. THE SOLUTION OF THESE 
EQUATIONS IS DESCRIBED TN 1. PHASE. THIS METHOD OBVIATES THE NEED TO 
MAKE AN A PRIORI DEFINITION OF THE qRIGIN. 

3. THE PROGRAM =TANGEN= MAT BE USED TO GENERATE A SET OF PHASES STARTING 
WITH A SMALL NUMBER OF NUMERIC VALUES (OFTEN JUST THOSE SPECIFYING THE 
UNIT CELL) . 


THE METHOD OF CALCULATION 


=SINGEN= LARRIES OUT THE FOLLOWING SEQUENCE OF OPERATIONS — 

1. the symmetry information is placeo in store in the form of rotation 

MATRICES (TRANSLATION VICTORS APE NOT USED). THE WHOLE SET OF 
ROTATION MATRICES IS UE''ELOPED BY TAKING FRIEDEL'S LAW INTO ACCOUNT. 

2. IF THE SPACE GROUP UNDE" STUOY HAS A CENTERED LATTICE, THE ROTATION 
MATRICES ARE TRANSFORMED TO THE EQUIVALENT PRIMITIVE LATTICE. 

3. THE CHARACTERISTIC MATRIX IS CALCULATED BY SUBTRACTING THE IDENTITY 
MATRIX FROM tACH ROTATION MATRIX IN TURN. THE RESULTS OF THESE 
SUBTRACTIONS ARE THEN SEARCHED COLUMN BY COLUMN FOR THE SEMINVARIAnT 
VECTORS AND MODULI. 

4. A SUMMARY IS PRINTED GIVING THE FOLLOWING INFORMATION — 

A. PRIMITIVE TRANSFORMATION MATRIX 

B. STRUCTURE SEMINVARIANT VECTORS AND MODULI 

C. ORIGIN DEFINITION DETERMINANT 
0. ENANTIOMORPH DEFINITION. 

5. THE A-VALUE AND THE PROBABILITY RELATIONSHIP FOR THE CENTROSYMMETRIC 
CASE ARE GIVtN AS — 

A = 2.0*SIG3*SIG2**(-I.5)*/E1*E2*E3/ 

AND PKOB = 0.5 ♦ 0.5(0.5*A)TaNH, 

THE A-VALUES ARE ALSO SUMMED TO PROvIOE A SENSITIVE MEASURE OF THE 
IMPORTANCE OR A GIVEN REFLECTION IN THE INTERACTION PROCESS. THE 
VALUE OF -A- MAY BE USE" IN PLACE OF THE ACTUAL PROBABILITIES IN 
SUBSEQUENT CALCULATIONS BECAUSE THEy ARE A FASTER VARYING QUANTITY 
PROPORTIONAL TO THE PROhaBILITY, 
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6. THE (H.K.L) GORT ORDER FOR THE SIGMa-TWO SEARCH IS ESTABLISHED FROM THE 
MAXIMUM VALUES OF H.K, AND L As SUPPLIED AT =0ATRDH= TIME,. THIS SORT 
ORDER IS SUCH THAT STORAGE WILL BE IN AS MANY SMALL GROUPS AS POSSIBLE. 
THUS » IF H MAXIMUM IS LARGE, K MEDIUM, AND L SMALL THERE WILL BE 

SET UP A LARGE. NUMBER OR GROUPS OF CONSTANT H AnO CHANGING K . AND L, 

THUS, rl IS THE PRIMARY, K THE SECONDARY, AND L THE TERTIARY SORT INDEX, 
IN ADDITION, EACH GROUP OF H IS BROKEN DOWN BY PARITY OF H, K> AND L. 

7. ALL REFLECTIONS ABOVE A SPECIFIED E VALUE ARE LOADED. DURING THIS 
LOADING PROCEDURE. THE REFLECTION SYMMETRY OPERATION CODES (SYMOPS) 

ARE EXTRACTED FROM EACH REFLECTION RECORD. THESE SYMOPS ARE USED TO 
GENERATE THE ASYMMETRIC REFLECTION AND ITS SYMMETRICALLY RELATED 
EQUIVALENT RtFLECT I ONS . IF THE MAGNITUDE OF H, K, L IS CHANGED BY 

the symmetry transformation, the resulting reflection is stored 
separately, all reflections of the same MAGNITUDE of h, k, L are 
STORED TOGETHER WITH ‘POINTERS TO ThE FIRST AND LAST HKL-SIGNS AND 
PHASE SHIFTS (RELATIVE TO THAT ASYMMETRIC REFLECTION! WHICH HAVE BEEN 
STORED IN A NON-REDUNDAmT SYMOP TABlE. » THESE DIRECTORS ARE STORED IN 
A PACKED WORD (SEE l.GENERL). 

8. CERTAIN REFLECTIONS MAY HAVE RESTRICTIONS ON TH£IR PHASE VALUES. THIS 
IS DUE TO THt SYMMETRY OF THE SPACE GROUP (E.G. IN CENTROSYMMETR IC 
CASFS, ALL PHASES ARE 0 OR Pi). THIS INFORMATION IS STORED WITH EACH 
REFLECTION. 

9. THE MAXIMUM VALUES OF THE SECONDARY AND TERTIARY INDICES ARE DETERMINED 
FOR EACH VALUE OF THE PRIMARY SORT INDEX PLUS THEIR PARITY GROUP. THIS 
IS TO DEFINE THE LIMITS OF THE SEARCH FOR (H3.K3.L3). 

10, ALL E VALUES ARE ASSIGNED A SYMBOL NUMBER IN DECREASING ORDER OF E, 

A TABLE IS THEN PRINTED SHOWING ALL THE ASYMMETRIC REFLECTIONS AND 
THEIR SYMMETRICALLY RELATED EQUIVALENT REFLECTIONS. IN THIS TABLE IS 
DISPLAYED THt PHASE SHIFT INFORMATION, PHI (SHIFT) > WHICH ARISES FROM THE 
SPACE GROUP SYMMETRY. 

11, A POINTER TABLE IS DEVELOPED WHICH SERVES TO POINT TO THE CORE REGION 
IN WHICH THE INFORMATION ABOUT ANY (H3.K3.L3) REFLECTION MAY BE FOUND. 
THIS POINTER TABLE GIVES RISE TO A MAJOR SOURCE OF EFFICIENCY IN THIS 
SIGMA-TWO ALGORITHM, 

12, THE SEARCH FOR THE SIGM»-TWO RELATED REFLECTION INVOLVES FI Vu BASIC 
STEPS. 

A. EVERY ASYMMETRIC REFLECTION IS USED AS AN Hl.Kl.Ll IN ORDER OF 
SYMBOL NUMBER. 

B. IN TURN, EACH (H1.K1.L1) IS COMBINED WITH ALL OTHER ASYMMETRIC 
(H2.K2.L2) OF EQUAL OR LOWER SYMBOL NUMBER. THESE COMBINATIONS 
PRODUCE A POSSIBLE (H3.K3.L3). 

C. ALu. THE SIGN COMBINATIONS FOR EACH (H2.K2.L2> REFLECTION ARE 
GENERATED AND COMBINED WITH THE . ASYMMETRIC (H1,K1,L1> TO PRODUCE 
OTHER POSSIBLE (H3,k3,l3> REFLECTIONS. 

D. USING THt PRIMARY SORT INDEX FOR (H3.K3.L3V AND ITS PARITY. A 
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POINTER IS ESTABLISHED TO INDICATE THE PLACE IN THE TABLE TO BEGIN 
THE SEARCH. THE MAGNITUDES H3.K3.L3 are then sought. 

E. WHEN THEKE IS A MATCH ON MAGNITUDE OP H3.K3.L3, THE SIGNS ARE 
GENERATEU AND THt FINAL COMPARISON MADE. 

13. WHEN A SIGMA-TWO RELATIONSHIP IS FO(jND, THE FOLLOWING INFORMATION IS 
GENERATED — 

A. THE PHASE SHIFT ASSOCIATED WITH THE TRANSFORMATION OF (H2.K2.L2) 

AND (H3.K3.L3) TO Th£Ir ASYMMETrIC EQUIVALENT REFLECTION IS 
UNPACKEO. THESE ARE SUMMED TO GIVE THE TOTAL PHASE SHIFT. 

PHI (SHIFT), OF THE RELATIONSHIP, ALL THE PHASES ARE. AT THE SAME 
TIME, REFERRED TO THE ASYMMETRIC REFLECTION PHASES AND STORED AND 
PRINTED (IF REQUESTEO, AS RELATIONSHIPS OF THE FORM — 

PHUSN1) +/- PHKSN2) + /- PHKSN3) + /- PHI (SHIFT) 

SNN REFERS TO THE SYMBOL NUMBER OF THE NTH ASYMMETRIC REFLECTION. 

B. THE PROBABILITY ASSOCIATED WITH EACH RELATIONSHIP IS DETERMINED 
BY TABLE LOOK-UP. 

C. ALL OF THIS INFORMATION FOR THE NON-RtDUNDANT RELATIONSHIPS, IS 
WRITTEN UN rNFlLEBs OR =NFILEE= FOR FUTURE USE. A nON-REDUNDAnT 
LIST IS ONE IN WHICH NO SIGMA-Tf.O RELATIONSHIP APPEARS MORE THAN 
ONCE. II IS POSSIBLE TO SPEClFy, FOR PRINTING ONLY, THAT A 
REDUNDANI LIST BE GENERATED AS WELL. A REDUNDANT LIST DISPLAYS EACH 
SYMBOL NUMBER AS (H1.K1.L1), THEN AS (H2.K2.L2), AND FINALLY As 
(H3.K3.L3). BUT NOT NECESSARILY IN THAT OROER. THIS IS STRICTLY 
FOR CONVENIENCE IN MANUAL PROCEDURES. 

14, STATISTICS CONCERNING THE NUMBER OF NON-REDUNDANT INTERACTIONS FOR EACH 
ASYMMETRIC REFLECTION ARE KEPT. THIS INFORMATION IS PRINTED AT THE ENO 
OF THE RUN, 

FOR EVERY ASYMMETRIC REFLECTION, ITS ORDER OF SYMBOL NUMBER (THAT IS. 
DECREASING E MAGNITUDE) IS (H.K.L), /E/. PARITY GROUP, NUMBER OF 
TRIPLETS INVOLVING THIS REFLECTION, THE SUM OF THE -A-*S» THE PHASE 
RESTRICTION, THE PRIMITIVE CELL INDICES. THE VECTORS (U.V.IV) AS DEFINED 
IN THE CELL SPECIFICATION INFORMATION, AND WHETHER OR NOT THIS 
REFLECTION IS A STRUCTURE SEMINVARI ANT ARE ALL PRINTED. 

ORIGIN DEFINITION 


IN THE COURSE OF THE DETERMINATION OF A CRYSTAL STRUCTURE BY 
STATISTICAL METHODS • THE PHASES WHICH ARE DETERMINED WILL ULTIMATELY DEPEND 
UPON THE POSITION OF THE ATOMS IN THE UNIT CELL EXPRESSED RELATIVE TO A GIVEN 
POINT IN THE CRYSTAL LATTICE CALLED THF- ORIGIN. THE SPACE GROUP CHOICE FOR 
A GIVEN CRYSTAL DESCRIBES THE SYMMETRY OPERATIONS FOR THAT GROUP IN TERMS OF 
A SET OF EQUIPOINTS. THESE ARF DISCUSSED IN THE SYMMETRY SECTION OF I.GENERL 
AND DISPLAYED IN THt INTERNATIONAL TABLES, VOL. 1. 

THERE EXIST POINTS OTHER THAN (0,0,0) IN A UNIT CELL WHICH ARE 
IDENTICALLY EGUIVALENT WITH RESPECT TO THE SYMMETRY ELEMENTS (ROTATION 
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MATRICES) OF THE SPACE GROUP. THESE POINTS ARE EQUIVALENT ORIGINS TO 
(0,0,0) AND ARE CHARACTERIZED *Y TRANSLATIONS WHICH GIVE PISE TO NO 
CHANGE IN THE MAGNIIUOE OF F, HUT MAY CHANGE ITS PHASE, THUS. A TRANSLATION 
IN DIRECT SPACE GIVES RISE TO a PHASE CHANGE IN RECIPROCAL SPACE (SEE LIPSON 
AND TAYLOR. FOURIER TRANSFORMS). 

FOR EXAMPLE, IN THE SPACE GROUP PlBAR, THERE Arc EIGHT EQUIVALENT 
ORIGINS CORRESPONDING TO (0.0, 'D. (1/2, 0,0). (0, 1/2.0). (6*0, 1/2), (1/2, 1/2,0)* 
(1/2,0,1/21, 10.1/2,1/2), (1/2,1/2,1/21. OTHER EXAMPLES ARE SHOWN IN TABLE 1 
OF H. HAUPTMAiN ANO J. KARLE, ACTA CRYST., 9, 45(1956). 

IN ORDER 10 FIX AN ORIGIN, THE PHASES OF CERTAIN REFLECTIONS MUST BE 
ESTABLISHED SUBJECT TO THE CONSTRAINTS DISCUSSED BELOW. THERE EXIST TWO 
SUBSETS OF REFLECTIONS WHICH MUST BE CONSIDERED AND IDENTIFIED. THE FIRST 
IS THAT SUBSET WHICH UOES NOT CHANGE PHASE WHEN THE ORIGIN CHOICE CHANGES. 

THESE REFLECTIONS ARE SAID TO RAVE SEMINVArIAnT PHASES. THE DETERMINATION 
OF THIc SUBSET ASSUMES A FIXED FUNCTIONAL FORM FOR THE SPACE GROUP. THE OTHER 
SUBSET OF REFLECT IONS HAS PHASES WHICH ARE DEPENDENT ON THE CHOICE OF ORIGIN. 
THE REFLECTIONS WHICH ARE USED TO SPECIFY ORIGIN MUST BE CHOSEN FROM THIS 
SECOND SUBSET. 

THE REFLECTIONS THAT HAVE A SEMINVARIANT PHASE MAY BE DEFINED 
EXPLICITLY IN TERMS OF THE SEMINVARIANT VECTORS AND MODULI. THESE VALUES 
ARE GlyEN IN THE PAPER BY J. KARLE, PROC. I.U.CR. INTERNATIONAL SUMMER 
SCHOOL ON CRYSTALLOGRAPHIC COMMUTING, OTTAWA, AUG. 1969 IN 'CRYSTALLOGRAPHIC 
COMPUTING'. (ED. F.H. AHMED), *"UNKSGAAPD , 1970. 

THESE SETS ARE OISPL»YEO BY =S1NgEN= ACCORDING TO THE SYMMETRY 
SUPPLIED AT =DATRDN= TIME, 

LET THE MATRIX OF THF J SEMINVARIANT VECTORS BE SV(J), THEN THE 
PRODUCT Or THI5 MATRIX WITH THE PRIMITIVE VECTOR ( H , K , L ) = H OF A GIVEN 
REFLECTION GIVES A VECTOR WHICH TAKEN TO THE BASE MODULO OMEGA, W(J), GIVE A 
VECTOR (U,V»W). IF ALL UVW AR*- ZERO, THE REFLECTION H HAS A SEMINVARIANT 
PHASE AND CANNOT BE USED IN ORIGIN SPECIFICATION. IF THE SPACE GROUP IS 
CENTERED, THEN THE PRIMITIVE VECTOR H MUST 8E OBTAINED By TRANSFORMATION OF 
THE REFLECTION INDK-ES. 

CONSIDER I HE EXAMPLE OF THE SPACE GROUP P48AR. P4BAR HAS THE 
SEMINVARIANT VECTOR — ( H+K , L 1 


.1 1 0 . 

SV = , 0 0 1 . 

. 0 0 0 . 


— "( 2 , 2 ) 


. 2 . 

. 2 . 

. 0 . 


£ 


AND THE MODULI 
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CONSIDER THE TWO REFLECTIONS U»l#l> AMD { ^ > 1 r 4 ) . 


(A) REFLECTION <1*1, i) 



* 2 « • 2 , 

. 1 . MOD . 2 . 

• 0 . • 0 , 


* t *• 

4 R « 4 U % 

4 1 4 = 4 V . 

4 R 4 4 W 4 


4 4 4 4 


4 4 


4 4 4 4 


4 4 44 


WHICH IS A NON STRUCTURE SEMINVARI ANT SINCE U, V, AND W ARE NOT ALL ZERO. 
<B) REFLECTION <1,1»4) 


44 * • 4444 

. 1 1 O' 4 4 1 4 

.0 0 1 • * 4 1 4 

. 0 0 0 4 . 4 . 


4 4 4 4 

4 2 4 

4 4 , 

4 0 4 


4 4 


4 4 


4 4 4 * 


4444 4*44 44*4 444. 

4 2 4 4 2 4 . 4^4 4U4 

. 4 , MOO . 2 . = . 0 . = 4 V , 

4 0 4 4O4 .O . 4 W 4 

4.4 44 4*44 4444 4#4. 


WHICH IS A STRUCTURE SEMINVARI ANT . 


IT IS NECESSARY TO FIX J LINE ARLy INDEPENDENT NON-STRUCTURE 
INVARIANT PHASES IN ORDER TO DEFINE THE ORIGIN* WHERE J IS THE NUMBER OF 
SEMlNVflR I ANT VECTORS (USED IN SV). 

IN PRACTICE, THE VALUES OP <U.V, W > WHICH ARE UNDER CONSIDERATION, 

ARE ENTERED INTO A u By J DETERMINANT WHOSE VALUE MUST BE + 1 OR -1, THIS IS 
THE TEST OF LINEAR INDEPENDENCE, 

MANY REFLECTIONS WIU- MEET THE CRITERIA GIVEN ABOVE. HOWEVER, THERE 
MAY BE ADDEO RESTRICTIONS ON THE VALUES OF PHASES DUE TO THE SYMMETRY OF THE 
GIVEN SPACE GROUP, CARE MUST h£ TAKEN IN THESE INSTANCES SO THAT THE VALUES OF 
THE RESTRICTED PHAStS ARE NOT VIOLATED . E ,G. , IN ACENTRIC SPACE GROUPS WITH 
CENTRIC PROJECTIONS, THE PROJECTION REFLECTIONS WILL HAVE RESTRICTED PHASES. 
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IF GENERAL PHASES ARF TO BE USED AS ORIGIN DEFInERS, GREAT CARE MUST 
BE TAKEN SO THAT THt CHOICE Wit L NOT VIOLATE THE RESTRICTED PHASES. AS A 
PRACTICAL MATTER IT IS BEST TO CHOOSE RESTRICTED PHASES WHENEVER permissible. 

ENANTIOMORPH OEFINDION 


IN NON-CENTROSYMMETRIC SPACE GROUPS, THE CHIRALITY (I.E. left or 
RIGHT HANDEDNESS) OF THE STRUCTURE IS UNKNOWN IN THE ABSENCE OF ANOMALOUS 

DISPERSION. THE PH«S£S OF THE REFLECTIONS OF A GIVEN STRUCTURE (L) ARE THE 
INVERSE CF THE PHASES FOR THE FNANT IOMORPHlC STRUCTURE <D), THAT IS> EVERY 

PHI IL) = -PHKD) 

SINCE THE STRUCTURE t-ACTOR MAGNITUDE DOES NOT DISTINGUISH BETWEEN 
THE ENANTIOMORPHS, IT IS NECESSARY TO DEFINE EXPLICITLY WHICH PHASE SET, PHI(L) 
OR PHI(D). IS TO BE USED. THIS IS DONE BY ESTABLISHING THE SENSE OF AT LEAST 
ONE FHISE WHICH IS KNOWN TO BE SIGNIFICANTLY DIFFERENT FROM ZErO OR 180 
UEGREEs. IN CERTAIN CASES WHE*' ORIGIN DEFINING PHASES Apr NON-ZERO OR 
NON-PI, THE ABOVE REQUIREMENT DOES NOT HOLD. THIS IS DISCUSSED BELOW. IN ANY 
CASE, ALL REFLECTIONS NOT USED TO DEFINE ThE ORIGIN ARE ELIGIBLE FOR USE TO FIX 
THE ENANTIOMORPH AND IT REMAINS ONLY TO FIND WHICH ARE CAPABLE. IN THE CASE 
WHERE THE ORIGIN DEFINING REFLECTIONS ALL HAVE UNRESTRICTED PHASE VALUES ONE OF 
THEM MAY BE SET TO 45 DEGREES FATHER THAN ZERO. THIS M-Ay BE A LESS PRODUCTIVE 
PROCEDURE IF THE ORIGIN DEFINING REFLECTIONS DO NOT INTERACT IN A SUBSTANTIALLY 
PRODUCTIVE WAT. 

IN PRACTICE, THE METHOD USED TO DEFINE THE ENANTIOMORPH IS IMPOSED 
BY THE SPACE GROUP SYMMETRY. IF THE ST ACE GROUP HAS MANY CLASSES CF RESTRICTED 
PHASES, IT MAY BE POSSIBLE TO i‘SE ONE OF THESE REFLECTIONS TO DEFINE THE 
ENANTIOMORPH. IN THIS CASE IT IS ESSENTIA!.. THAT THE PARITY GROUP CONTAINING 
THIS RESTRICTED REFLECTION CONFORM TO T HE FOLLOWING CONDITION. A PHASE 
ASSOCIATED WITH EACH PARITY C-RnuP CAN BE GENERATED DIRECTLY FR.qM THE LINEARLY 
DEPENDENT PARITY GROUPS OF THE ORIGIN DEFINING REFLECTIONS. GENERATED PHASES 
WHICH ARE OCNTRAUIC I ORY TO THE RESTRICTED PHASE VALUES OF THAT PARITY CROUP 
SPECIFY THE POSSIBLE. ENANTIOMORPH DEFINING REFLECTIONS. .F.G., IF THE 
ORIGIN DEFINERS IN > HE SPACE G-'OUP f‘212121 WERE TAKEN FROM tU,U<0>, iU,0,G)» 

AND (U,0*U)» THEY M«Y BE ASSIGNED THE RESTRICTED PHASES 90, 0, 90 DEGREES 
RESPECTIVELY. THE REMAINING PARITY GROUPS OF RESTRICTED REFLECTIONS MAY RE 
OBTAINED BY COMBINAIIONS of THESE THREE REFLECTIONS. THE TABLE SHOWS PREDICTED 
PHASES FOR ALL PARITY GROUPS OTHER THAN THOSE DEFINED BY THE ORIGIN. (NOTE 
THAT THIS IS A SPECIFIC EXAMPLE AND NOT A GENERAL TABLE — OTHER ORIGIN CHOICES 
GIVE RISE TO OTHER PHASE CONFIGURATIONS.) WHEN THE PREDICTED PHASE AND THE 
RESTRICTED PhA$£S aKL DIFFERENT, THE REFLECTIONS IN THIS GROUP ARE ELIGIBLE FQ« 
USE IN DEFINING THE ENANHOMORPH. THIS TABLE IS FOUND ON THE NEXT PAGE. 
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GROUP 

PARITY GROUP OF 
RESTRICTED PHASES 

RESTRICTION 
IN DEGREES 

DERIVED FROM 
COMBINATION 

predicted 

phase 

POSSIB 

DEFIN 

1 

U 

U 

0 

90 (O.O, ) 




2 

U 

0 

U 

90 (O.D.) 




3 

0 

U 

U 

90/270 

1,2 

0/180 

YES 

4 

G 

U 

0 

0/1*0 

1,2. 2. 7 

90/270 

YES 

5 

U 

G 

0 

90/270 

1,1. 2. 2. 7 

0/180 

YES 

6 

G 

0 

U 

90/270 

2,7 

90/270 

NO 

7 

U 

0 

G 

0 ( 0 . 0 .) 




8 

0 

G 

U 

0/1*0 

1,1,2. 7 

90/270 

YES 

9 

0 

U 

G 

90/270 

1,7 

90/270 

NC 

10 

G 

G 

0 

0/1*0 

1.1 

0/180 

NO 

11 

G 

0 

G 

0/1*0 

7,7 

0/180 

NO 

12 

0 

G 

G 

0/1*0 

1,1. 7. 7 

0/180 

NO 


THUS. FOR THIS TYPE «>F SPACE GROuP WITH MANY RESTRICTED PHASES. ONE 
DEFINES THE ORIGIN PHASES THEN PRODUCES A POSSIBILITY TABLE SIMILAR TO THE 
ONE SHOWN IN ORDER 10 IDENTIFY REFLECTIONS SUITABLE FOR DEFINING THE 
E N ANT I 0 MORPH, 

IN SPACE GROUPS WHERE THE USE OF A PROCEDURE LIKE THE ONE ABOVE 
IS NOT POSSIBLE. A GENERAL PHAEE MUST BE UsED TO DEFINE THE ENANTIOMORPH. 

THE CRijX OF THE PROBLEM IS TO UND A GFNERAL REFLECTION WITH A PHASE MAGNITUDE 
WHICH DIFFERS SIGNIFICANTLY FROM 0 OR 180 DEGREES, ONCE SUCH A REFLECTION 
IS OBTAINED. THE ENANTIOMORPH IS DEFINED BY ASSIGNING A SIGN TO THE MAGNITUDE. 

ONE METHOD OF OBTAINING A SUITABLE REFLECTION IS FROM INTERACTION 
OF THE ORIGIN DEFINING REFLECTIONS. WHEN PHASE ESTIMATES OF A GENERAL 
REFLECTION ARE BOTH 0 AND 180 DEGREES. THIS IMPLIES THAT THE TRUE PHASE IS 
BETWEEN THESE TWO VALUES. THIS REFLECTION IS THEN A CANDIDATE FOR USE AS 
AN ENANTIOMORPH DEFINING REFLECTION AT THE INITIAL VALUE OF 90 OR 270 DEGREES. 
THE MAGNITUDE MAY NUT BE EXACTLY CORRECT. BUT GENERALLY IS A SUFFICIENTLY 
GOOD APPROXIMATION 10 PERMIT FURTHER GENERATION OF PHASES. 

THESE PHASES WILL BE CONSISTENT fclTH THE ONE ENANTIOMORPHIC 
STRUCTURE. AS THE GENERATION EXPANDS. THE VALUE OF THE ENANTIOMORPH DEFINING 
PHASE MAY BE REFINED TO ITS MOPE CORRECT VALUE. 
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PHASE ESTIMATION AND REFINEMENT BY REPEATED TANGENT ITERATION 


THIS PROGRAM WAS WRITTEN BY SYU HALL TO TAKE THE OUTPUT OF =SINGEN= 

AND. FoOM A SMALL StT OF STARTING PHASES. OFTEN ONLY THE ORIGIN AND 
tNANTIOMORPH DEFINING REFLECTIONS, PRODUCE A SUFFICIENT NUMBER OF PHASES TO 
PERMIT STRUCTURE SOLUTION. 

THE PROGRAM IS OESIGNEU TO CALCULATE THE FOLLOWING RELATIONSHIP - 

SUMMATI0N/W*E(H2)*E (H3) *SIN(PHI (H2) 4-PHI (H3) )/ 

TAN (PHj ( -HI ) ) — 

SUMMATICN/W*E(h2)*E<H3)*COS<PHI<H2>+PHX<H3) ) / 

WHERE PHI (-HI) IS THE PHASE ASSOCIATED WITH THE NORMALIZED STRUCTURE FACTOR, £, 
OF REFLECTION (-HI) ANU WHERE w IS A WEIGHT NORMALLY TAKEN AS ONE. IF A 
WEIGHTED TANGENT FORMULA IS SPECIFIED THEN — 

W = 0.5 + O.HTANH(0.5*EC(H1)*EC(H2)*EC(H3>*SIG3/SIG2**1.5) 

WHERE EC IS THE AVERAGE R.M.S. VALUE OF THE NUMERATOR AND DENOMINATOR IN THE 
TANGENT FORMULA. (-HI) IS A VECTOR IN RECIPROCAL SPACE ( -HI , -K 1 , -LI ) . 
APPLICATION OF THE FORMULA TO STRUCTURE S0(UTI0N REQUIRES THAT NUMERICAL 
VALUES OF THE PHASER (PHI) OF SEVERAL (OR MANY) HIGH E VALUE REFLECTIONS WITH 
VECTORS (H2) AND (HP) HE ESTIMATED OR ESTABLISHED BEFOREHAND. THE FORMULA 
THEN BFCOMES USEFUL WHEN THERE ARE A SUFFICIENT NUMBER OF • KNOWN* PHASES 
FOP REFLECTIONS WHICH INTERACT TO PRODUCE NEW ESTIMATES OF THE VALUES OF 
PHI (-Hi ) OR WHERE II CAN BE USED TO REFINE A .KNOWN' VALUE CF PHI(-Hl) 

IN TERMS OF OTHER KNOWN PHASES. FROM. THE FOREGOING. ONE MAY SEE THAT 
IT IS NECESSARY TO BEGIN THE USE OF =TANGEn= WITH AN 'INNER SET' OF PHASES 
WHICH INTERACT TO PRODUCE AN ’EXPANDED SET'. THIS MAY IN TURN BE USED TO 
EXPAND AND REFINE THE NUMBER OR 'KNOWN* PHASES. THE INITIAL INNER SET OF 

phases must be derived from so^-e consideration other than stangEns itself. 

ONE WAy IS SIMPLY BY USE OF A <^ET OF CAREFULLY SELECTED ORIGIN DEFINING 
REFLECTIONS (SEE 1. BINGEN). THIS, HOWFVER, IS SOMETIMES NOT SUFFICIENT TO 
PRODUCE FURTHER KNOWN PHASES SUCH AN EXPANSION. ANOTHER METHOD INVOLVES 
USING PHASES FROM A PARTIAL STkuCTURE CALCULATED BY = FC = WHICH =TANGEN= 

ACCEPTS FROM THE BINARY DATA FILE. OTHER STATISTICAL METHODS ARE DISCUSSED 
UNDER 1.SINGEN AND 1. PHASE. T W E SYMBOLIC ADDITION PROCEDURE CARRIED OUT 
USING THE OUTPUT LISTS OF =SIN«EN= MAY BE FRUITFUL IN PRODUCING FURTHER 
PHASE ESTIMATES IN URDER TO PROCEED WITH THE =TANGEN= PROCESS. 

ONCE A USEFUL INNER SET , OF PHASES IS ESTABLISHED. THE PROGRAM Is 
APPLIED IN A CYCLIC FASHION BASED UPON CERTAIN RESTRICTIVE CRITERIA UNDER THE 
CONTROL OF THE USER. DEPENDING UPON HOW THE CRITERIA ARE SET U ? , THE ATTEMPT 
TO EXPANO THE INNER SET OF PHASES MAY HE UNPRODUCTIVE. IF THE CRITERIA ARE 
TOO RESTRICTIVE AND STRINGENT *'0 NEW PHI (-HI) WILL BE GENERATED. ON THE 
OTHER HAND, TOO PERMISSIVE CRITERIA MAY PRODUCE MANY ERRONEOUS PHASES AND 
IN TURN THESE WILL BE USED TO PRODUCE EVEN MORE WHICH WILL RESULT IN AN 
UNINTERPRETABLE E MAP. WHEN T H E LIMITS ARE SET CAREFULLY, THERE WILL BE A 
STEADILY INCREASING NUMBER OF ACCEPTED NEW PHASES IN EACH CYCLE AND CONVERGENT 
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REFINEMENT OF ALU PREVIOUSLY ESTIMATED PHASES. IT NAY BE SEEN FROM THE TANGENT 
FORMULA THAT THE VALUES OF PHASES MAY EE REFINED IN TERMS OF THE REST > SINCE 
THE RANGE OF THE SUMMATIONS WII L BE INCREASED AS THE NUMBER OF THE PHASES IN- 
CLUDED IS INCREASED. THIS PROCESS MUST BE RESTRICTED IF THE TRUE SOLUTION IS 
TO BE ACHIEVED BECAUSE WHEN THE INNER SET GROWS VERY LARGE AND THE E VALUES 
ARE ALLOWED TO GET SMALL , THE FORMULA BEGINS TO GIVE ERRONEOUS RESULTS. 

SUCCESS WITH THE ME I HOD THUS REQUIRES AN APPROPRIATE REASONABLE INNER SET 
OF PHAgFS AND DEPENDS ON CAREF"LLy DEFINED RESTRICTIONS BEING APPLIEO 
DURING EXPANSION AND REFINEMENT OF the PHASES. 

IT IS PREFERABLE THAI THE INNER sET BE A LIMITED NUMBER OF WELL 
ESTABLISHED NUMERIC PHASES (SAv 4-10) FATHER THAN A LARGE NUMBER. A LARGE 
NUMBER OF STARTING PHASES » WHETHER THEY AR£ POOR OR GOOD ESTIMATES, MAY NOT 
LEAD To CONVERGENCE UUE TO THE LARGER number OF LOW PROBABILITY INTERACTIONS 
THEY ARE INVOLVED IN. 

AT TIMES UNE MAY SEE THAT THE INNER SET EXPANDS IN A VERY PROMISING 
way IN THE FIRST ONE. OR TWO CYCLES. BUT, IN SUCCEEDING CYCLES SHOWS 
SIGNS OF DIVERGENCE I VALUES OF (<EO - ECJ/EO) INCREASE). ONE MAY BY USE OF 
THE =B0FPHI= CARD CONTROL THE COURSE OF EVENTS AND POSSIBLY PREVENT THE 
DIVERGENCE. TO DO this, =TANG*N= IS RUN ONLY THROUGH THE PROMISING CYCLES 
AND THEN RERUN USING ITS OWN OUTPUT THROUGH CONTROL OF A sBDFPHls CARD WHERE IT 
MAY BE SPECIFIED THAT THE INNER SET HE HELD FIXED FOR ADDITIONAL CYCLES. 

THE PROGRAM OPERATES IN TWO DISTINCT MODES, FIRSTLY, A 'CYCLE' 

FOR WHICH ONE OEFINtS THE LOWEST MAGNITUDE OF E IS TO bE UTILIZED IN THE SECOND 
MODE. SECONDLY, AN 'ITERATION', FOR WHICH ONE DEFINES ALL NEW PHASES WHICH 
CAN BE GENERATED FROM KNOWN PHASES FOR E MAGNITUDES ABOVE THE CURRENT CYCLE 
THRESHoLO. DURING. AN ITERATION, all VALUES (-HI) WHICH MAY BE DISCOVERED 
FROM (H2) AND (H3) ARE ADDED TO THE LIST OF KNOWN PHASES. THEN ALL ARE 
USED TO REFINE THE VALUES OF ALL THOSE CURRENTLY IN THE LIST. , 

ANy GIVEN CYCLE WILL 8E TERMINATED WHEN A SPECIFIED NUMBER OF 
ITERATIONS (MAX OF 50) HAS BEEN COMPLETED OR THAT SUCCESSIVE PHASE ESTIMATES 
HAVE CONVERGED, OR USCILLATE, BETWEEN SPECIFIED LIMITS OF THE RATIO — 

(AV. E(08S.)/AV. E(LALO). 

A NEW PHASE IS ACCEPTED AS USEFUL AND VALID, IF' DURING THE ITERATION 
PROCESS.... 

1. THE PHASE HAS HOT ALTERED IN THREE SUCCESSIVE ITERATIONS BY MORE THAN 
A SPECIFIED LIMIT (E.G, 100 DEGREE^) 

2. A RESTRICTED PHASE ESTIMATE HAS NOT DEVIATED FROM ITS PERMISSIBLE 
VALUES BY MURE THAN A SPECIFIED LImIT (E.G, 75 DEGREES) 

3. THE CALCULAIED E VALUE (= AVERAGE R.M.S. VALUE OF THE NUMERATOR AND 
DENOMINATOR IN THE TANGENT FORMULA) Is NOT LESS THAN THE SPECIFIED 
LIMIT (E.G., 0.5) 

4. THE NUMBER OF TRIPLETS USED TO ESTIMATE A PHASE MUST EXCEED THE 
SPECIFIED LIMIT (E.G. t OR 2). 

IF A RFFLECTION VIOLATES ONE OP THESE CRITERIA, IT IS NOT USED IN THE 
SUCCEEDING ITERATION, ALTHOUGH ITS VALUE WILL BE REASSESSED. IN THIS WAY, 

A SUSPECT PHASE ESTIMATE IS TEMPORARILY SUpRESSEO AND PREVENTED FROM 
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CONTRIBUTING to the phasing process. 

A new cycle MAY BE INITIATED at the end of a series of iterations. 

THE NEW cycle WILL INCLUDE REFLECTIONS WITH LOWER E MAGNITUDES. SINCE NO 

reflection of e value lower than the current cycle limit is included in any 
iteration, it is IMPORTANT TO a'OTE that the inner set of STARTING phases may 
not appear in the first cycles UNLESS THE MINIMUM e magnitude is SET PROPERLY, 

THE PHASES UF REFLECTIONS USED TO INITIATE THE PHASING PROCESS (I.E. 
STARTING PHASES) MAT BE ENTERED SEPARATELY ON CARDS OR FROM A BINARY DATA FILE 
OUTPUT FROM AN =FC = OK PREVIOUS =TANGEN= CALCULATION OR FROM =APHASE=. In THE 
FIRST CASE, STARUNt. PHASES ARE EXTRACTED ONLY WHEN THE ASSOCIATED F CALC 
VALUE EXCEEDS THE PRODUCT ( P*K*F (REL ) ) , WHeRE P IS THE FRACTION OF THE COMPLETE 
STRUCTURE KNOWN, ANU K IS THE OVERALL SCALE FACTOR SPECIFIED AT INPUT TIME 
(OR EXTRACTED FROM RECORD 7 OF THE BDF ) , 

STARTING PHASES WHICH DEFINE THE POSITION OF THE ORIGIN IN THE UNIT 
CELL SHOULD BE FIXEU THROUGHOUT THE PHASING PROCESS. SIMILARLY* THE PHASE 
INTENDED TO DEFINE I HE ENANT I O^ORPH OF THE STRUCTURE (NECESSARY ONLY IN 
ACENTRIC CASES) SHOULD ALSO BE FIXED IN THE EARLY CYCLES, EVEN IF ITS VALUE 
IS NOT KNOWN ACCUR A I ELY . 

THERE IS ALSO THE PROVISION TO SUPPRESS PARTICULAR REFLECTIONS IN THE 
E LIST SO THAT THEIR PHASE IS F STIMATED BUt NOT USED IN PHASING PROCESS. THIS 
MAY BE NECESSARY IF CERTAIN REFLECTIONS ARE EXPECTED OR HAVE PROVEN TO BE 
UNSUITABLE FOR PHASE EXTENSION PURPOSES IN THE EARLY STAGES. THIS IS OFTEN 
THE CASE WITH AXIAL REFLECTIONS. 

ONCE THE ITERATIONS OF THE REQUESTED CYCLES HA vE BEEN CARRIED OUT, THE 
FINAL ACCEPTED REFINED PHASES fre WRITTEN IN THE OUTPUT BINARY DATA FILE. 

THIS FILE may THEN be USED in CONJUNCTION WITH rFouRRr to CALCULATE an . 

•E MAP* or an 'FO phases FROM STATISTICS' MAP TO BE SEARCHED FOR THE STRUCTURE. 

CHOOSING THE BEST SLT OF CELL DEFINING REFLECTIONS 


THE FORMAL RULES FOR SELECTING Th£ REFLECTIONS WHOSE PHASES MUST BE 
FIXED IN ORDER TO SPECIFY THE CELL ORIGIN AND ENrtr-JT 1 OMORPh , HA y£ BEEN DISCUSSED 
EARLIER IN =SiNGEN=. HOWEVER, THERE IS USUALLY A LARGE NUMBER OF REFLECTIONS, 
ANU COMBINATIONS OF REFLECTIONS, in THC E-lIST THAT CAN BE USED FOR THIS 
PURPOSE. IF THE SIOMA TWO STRDCTURE INVARIANT RELATIONSHIPS WERE EXACT IT 
WOULD NOT MATTER WHICH SET WERF USED, AS AlL MUST ULTIMATELY LEAD TO A 
CORRECT EXPANDED PHASE SET. T W IS IS NOT ThE CASE. THE RELATIONSHIPS ARE 
STATISTICAL AND USUALLY CONSIDERABLE care must BE TAKEN TO SELECT ThE STARTING 
SET WITH THE HI6HES1 PROBABILITY OF SUCCESS. THE SUCCESS OR FAILURE TO EXTEND 
THE INNER SET OF PHASES CORRECTLY IS OFTEN DETERMINED IN THE VERY EARLIEST 
INTERACTIONS. unless THERE IS SUFFICIENT REDUNDANCY at THIS STAGE a single bad 
estimate in the first one oh two iterations can permeate the entire phasing 

PROCESS. IT IS OF FIRST IMPORTANCE THEREFORE TO SELECT THE SET OF CELL 
DEFINING REFLECTIONS, AND OTHEP REFLECTIONS USED TO INITIALIZE =TANG£N=, SO AS 
TO FACILITATE BOTH I HE HIGHEST PROBABILITY OF EARLY SINGLF SIGMA TWO 
RELATIONSHIPS, AND THE RAPID INTERACTION Of THESE PHASES FOR EARLY REDUNDANCY, 

THERE ARE A NUMBER Of PROCEDURES FOR CHOOSING THE 'BEST' STARTING SET 
(SEE HALL, 1970). A RELATIVELY SIMPLE METHOD WHICH HAS MET WITH CONSIDERABLE 
SUCCESS WHEN USED IN CONJUNCTION WITH =TANgEN= WILL BE DESCRIBED BRIEFLY HERE. 



l.TANGEN- 4 


04/22/72 


THE BASIC STEPS ARE AS FOLLOWS— 

1/ USING I HE SUMMARY OF STRUCTURE INVARIANT RELATIONSHIPS OUTPUT 
FROM =sINGEN=, SELECT BETWEEN 10 AND 20 (DEPENDING ON THE STRUCTURE SIZE) 
REFLECTIONS WHICH ARE ELIGIBLE FOR USE AS STARTING PHASES, And HAVE THE HIGHEST 
•SUM OF-A-S* VALUES. FOR EXAMPLE, IN THE s p ACE GROUP P(2S'jBl, 2SU81 , 2SUB1 ) 
THESE WOULD BE THE UKL » HOL AN" HK 0 REELECT IONS , AND IN P(2Su&l>. THE HOL AND 

hil reflections, some of these phases can be implicitly seminvariant (stated 
in the r.H.S. of the summary =singen=> SINCE, although they are ineligible for 
origin DEFINITION, ihey can be used to fix the enantiomorph or for other 
starting phases. 

2/ LIST the SELECTED REFLECTIONS AS PHASE NO., H,K,L, AND PHASE 
RESTRICTION, IN A COLUMN ON TH* L.H.S, OF A SHEET OF PAPER. 

3/ FOR NONCENTROSYMMfeTRIC SPACE GROUPS * REPEAT \/ AND 2/ FOR 
REFLECTIONS IN THE SUMMARY THAT ARE NOT *DlRECTLY* ACCESSIBLE FOR USE IN THE 
INITIALIZATION OF rIANGENr "( US' 'ALLY Du& TO THE UNRESTRICtFD NATURE OF THEIR 
PHASES), BUT HAVE HIGH *SUM OF -A-S* VALUES. 

4/ THESE CISTS SHOUL" NOW CONTAIN THE REFLECTIONS THAT FORM THE 
LARGEST NUMBER, AND/OR the MOST PROBABLE. SIGMA Two RELATIONSHIPS. subsequent 
STEPS WILL ATTEMPT 10 FIND WHICH OF THESE REFLECTIONS FORM THE LARGEST NUMBER 

of relationships among themselves. such interactions are essential so that 
REFLECTIONS IN the I-IRST LIST (C.F. 1/ and 2/) PROVIDE Early proliferation of 
RELIABLE PHASES. THIS PROPERTY is ALSO important in the SECOND LIST (C. F. 3/ ) 
as THESE REFLECTIONS INvARIABLV PROVIOF RELATIONSHIPS CRITICAL TO THE RAPID 
EXPANSION OF THE INNER PHASE SET. IT SHOULD BE REMEMBERED THAT IN ALL 
NONCENTROSYMMETRIC SPACE GROUPS THE REFLECTIONS WITH UNRESTRICTED PHASES 
UOMINATE THE STRUCTURE INVARIANT RELATIONSHIPS. IT IS THEREFORE IMPORTANT 
THAT UNRESTRICTED PHASES SHOUL" BE ESTIMATED AS SOON AS POSSIBLE SINCE THIS, 

IN ADDITION TO ENABLING A MORE RAPID ACCESS TO ALL REFLECTIONS, ENSURES THAT 
THE ENANTIOMORPH INFORMATION IS RAPIDLY PRqPAGATED TO THE REFLECTIONS WITH 
NONZERO OR NONPI PH«SE VALUES. 

5/ USE THE STRUCTURE INVARIANT RELATIONSHIP INFORMATION FROM 
=SINGEN= TO FIND WHICH RELATIONSHIPS INVOLVE MORE THAN ONF REFLECTION IN THE 
LISTS ALREADY PREPAkEO. TABULATE (IN ROWS ON THE LISTS) THE PHASE NOS. OF 
REFLECTIONS WHICH ARE IN SUCH RELATIONSHIPS, REMEMBERING TO CROSS REFERENCE 
(E. G. IF THE HORIZONTAL LIST OF REFLECTION PHASE NO. 5 CONTAINS PHASE NO. 37, 
THEN THE LIST OF PHASE NO. 37 *UST CONTAIN 5). 

6/ ON COMPLETION OF THIS SEARCH, THE LISTS SHOUI D REFLECT THE EXTENT 
AND DIRECTION OF INTERACTIONS INVOLVING THE SELECTED REFLECTIONS. IN THE FIRST 
LIST, THE REFLECTIONS SHOWING THE MOST EXTENSIVE INTERACTIONS (THE LONGEST 
ROWS) SHOULD NOW BE CONSIDERED AS THE MOST SUITABLE CANDIDATES FOR ORIGIN AND 
ENANTIOMORPH OEFINIUON, THESE REFLECTIONS MUST OF COURSE, COMPLY TO THE 
FORMAL CONDITIONS REQUIRED FOR ORIGIN DEFINITION (STIPULATED AT THE START OF 
=SINGEM=). OFTEN A COMPROMISE BETWEEN REFLECTIONS SATISFYING THESE 
REQUIREMENTS ANO THOSE MOST SUITABLE IN THE SELECTED LISTS, IS NECESSARY. IT 
IS OBVIOUSLY MOST DESIRABLE TH«T SEVERAL OF THE STARTING REFLECTIONS INTERACT 
WITH EACH OTHER IMMEDIATELY AN" THIS SHOULD BE AN OVERRIDING CONSIDERATION. 

7/ IF THE 'BEST* CELL DEFINING PHASES 00 NOT EXTEND RAPIOLY ANO 
PROLIF IC ALLY AMONGS 1 REFLECTIONS USED IN THE FIRST =TANGEn= CYCLE (TOP 50-100 
E-VALUES) ADDITIONAL STARTING PHASES MAY HAVE TO BE USED, THE PREPARED LIST 
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SHOULD ALSO BE INVALUABLE FOR THIS PURPOSE, ONE CAN USE EITHER A RESTRICTED 
PHASE FROM THE FIRSI LIST# ASS ' GNING THE TwO POSSIBLE NUMERICAL VALUES IN TWO 
DIFFERENT rTANGENz RUNS (N. B. FIRST CHECK IF ONE OF THESE VALUES IS 
INDICATED IN a UMIlED SYMBOLIC AODITICN PROCEDURE), OR Am UNRESTRICTED' 

PHASE WITH NUMERICAL VALUES FROM 0 TO 360 DEGREES IN INTERVALS OF 45 DEGREES. 
CRITERIA FOR RECOGNIZING WHICH =TANGEN= CALCULATIONS ARE SUCCESSFUL ARE 

DISCUSSED BELOW. 

RECOGNIZING CORRECT PHASE CONVERGENCE 


THE INITIALIZATION O'- THE TANGENT ITERATION PROCESS WITH A LIMITED 
NUMBER OF CORRECT NUMERICAL PHASES DOES NO-[ GUARANTEE THAT THE EXPANDED SET OF 
PHASES WILL 8t CORRECT. THIS may BE DUE TO A NUMBER OF THE FACTORS WHICH HAVE 
BEEN DISCUSSED EARLIER. IT IS INTENDED HERE TO OUTLINE HOW ONE CAN TELL IF THE 
TANGENy CALCULATION HAS SUCCEEDED, AND THAj THE OUTPUT PHASES ARE CORRECT, 
BEFORE THE E-MAP HAb BEEN CALCULATED. THE ABILITY TO DISTINGUISH A CORRECTLY 
REFINED PHASE SET FKOM AN INCORRECT ONE IS PARTICULARLY IMPORTANT WHEN THE 
=TANGEN= CALCULATION IS REPEATED WITH A NUMBER OF ALTERNATIVE STARTING SETS. 
SUCCESSIVE =TANGEN= RUNS ARE NECESSARY WHEN ONE OR MORE OF THE STARTING 
PHASES IS UNKNOWN AND MUST BE PERMUTED THROUGH A NUMBER OF NUMERICAL VALUES. 

THE =TANGEN= OUTPUT CONTAINS AT LEAST FOUR PARAMETERS THAT MAY BE 
USED To APPROXIMATELY GAUGE CONVERGENCE TO A CORRECT PHASE SET. NEVERTHELESS, 
IT SHOULD HE STRESStO THAT THESE PARAMETERS ARE STATISTICAL AND CANNOT BE 
TAKEN AS PRECISE INUICATIONS O'- THE CORRECTNESS OF A PHASE SET, IN ORDER OF 
SENSITIVITY, THESE ARE 

1/ THE AGREEMENT FACTOR < A V. (EO-ECJ/AV. (EO>>, WHICH IS LISTED 
FOR EACH ITERATION, SHOULO PISE AT THE BEGINNING OF EACH MEW CyCLE AND THEN 
UECREASE TO A CONSTANT VALUE. AFTER THE LAST CYCLE THIS VALUE SHOULD BE AT 
ITS LOWEST AND HAVE A VALUE WHICH IS OFTEN LESS THAN 0.19. IN COMPARING 
DIFFERENT =T AiNGENr RUNS THE PH«SE SET WITH THE LOWEST AGREEMENT FACTOR SHOULD 
BE USED TO CALCULATt THE FIRST E-MAP. 

2/ THE DISTRIBUTION OF RESTRICTED AND UNRESTRICTED VALUES SHOULD BE 
RELATIVELY EVEN IN a CORRECT PRASE SET. SOME IMBALANCE IN THE NUMBER OF 
SPECIFIC RESTRICTED PHASE VALUES IS PERMISSIBLE BUT THE UNRESTRICTED PHASE 
DISTRIBUTION SHOULD NOT BE PEAKED ABOUT PARTICULAR VALUES, THE LATTER EFFECT 
IS USUALLY DUE TO INADEQUATE DEFINITION OF THE ORIGIN OR ENANTIOMORPH BY THE 
STARTING PHASES, OR INSUFFICIENT RELATIONSHIPS AMONG THESE PHASES. 

3/ THE ABbOLUTE FIGURE OF MERIT BASED ON THE VALUE OF GERMAIN, MAIN 
AND WOOLFSON (1971) COMPARES THE EXPECTED fiND ESTIMATED PHASE STATISTICS. 

THE LARGEST FIGURE OF MERIT (W'THIN THE RANGE 0.95-1.20) SHOULD REFLECT THE 
PROBABILITY THAT THE. EXPANDED whASE SET IS CORRECT. 

4/ THE HA I 10 ( AV. (EOJ/AV. (EC)) SHOULD HAVE A VALUE CLOSE TO 1.0 
FOR THE FINAL SET OR REFINED PHASES. PROVIDED THIS SET IS LARGE ENOUGH (EMIN 
SHOULD BE 1.2 TO 1.4) . 

THERE ARE A NUMBER OF OTHER LESS CONSISTENT INDICATIONS OF A 
•SUCCESSFUL* =TANGEN= CLACUL AT ION , HERE Are SEVERAL — 

A) THE STARTING PHASES SHOULD RApIDLY EXPAND TO PHASE ALL OTHER 
PHASES IN THE FIRST OR SECOND CYCLES < E-THRESHOLDS )., 
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B) ALL «CRHI» VALUES DECREASE TOWARDS ZERO (0-5 DEGREES) AFTER TWO 
OH THR^p CYCLES. 

C) MULTIPLE ESTIMATE^ OF A PHASE SHOULD NOT BE CONTRADICTORY SO THAT 
THERE tRE FEW VERY LOW EC VALUES (MARKEO T) OR RESTRICTED PHASE CONFLICTS 
(MARKED R) . 


0) THERE BHOULO BE am ABSENCE OF INDIVIDUAL PHASE OSCILLATIONS 
(MARKED 0) AND OF OVERALL OSCILLATIONS FROM ITERATION TO ITERATION (DETECTED 
BY THE <AV. (EOl/AV. (EC)) RATIOS) IN THE FINAL CYCLES. 

REFERENCES 


1. GERMAIN. G,. main. P. AmO WOOLFSON, M.M. (197D ACTA CP YST . A27.3&8 

2. S.R. HALL (1*70) CRYSTALLOGRAPHY COMPUTING (F,R. AHMED, ED.) MUNKSGAARD 
COPENHAGEN. 
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PREPARATION OF PRINTED COPIES OF THE WRITE-UP 


THE =WRIT£U= PROGRAM IS DESIGNED TO PREPARE PRINTED COPIES OF THE 
WRITE-uP OF THE SYS I EM FROM PUNCHED CARDS. EACH PROGRAM CALLING CARD MNEMONIC 

IS USED TO GIVE A CHARACTER PAHE CODE. THREE KINDS OF PAGES ARE EXPECTED 

l.XXXXXX-NNN, 2 • XXXXXX-ANN , AND 2 . XXXXXX-BNN . THE X*S ARE THE CHARACTERS, 

THE N* S ARE SEQUENCE NUMBERS. THE 1 SECTION OF THE MANUAL IS GENERAL 
DESCRIPTION, THE 2-A THE CARD ORDER AND FILE REQUIREMENTS, AND THE 2-B THE CARO 
FORMAT SECTION. EAeH SECTION IS THEN UEFInED AS AN ELEMENT. 

THE BODY OF THE WRITE-nP MUST LEAVE COLUMN ONE FOR CARRIAGE CONTROL. 
BLANK MEANS SINGLE SPACE, 0 <ZFRO) DOUBLE tPACE » AND 1 MEANS START A NEW PAGE. 

THE GtNERAL DESCRIPTION OF EACH PROGRAM, IN PART J. , HAS THE FOLLOWING 
FORMAT. (NOTE THE FURMAT OF THE CARD IMMEDIATELY FOLLOWING THE ^ELEMENTS CARD.) 

COLUMNS- 

00000000011 111111 11222222222233333333334444444444555555555566666666667777777777 
1234567 890 123456789U 1234567690 123456? 8901 234567690 1234567 69012346678901 23456769 

ELEMENT 

1 l.EXAMPL- 1 

0 
0 

o =exampl= - an example program write-up 


0 THIS PROGRAM is NON EXISTENT IN THE X-RAY SYSTEM, BUT ITS WRITE-UP 

NEVERTHELESS SERVES TO AID AS AN EXAMPLE FOR THE USER WISHING TO DESCRIBE 

the functions and limitations of his program, equations of significance 

USED WITHIN THE CALCULATION S H OULD B£ GIVEN WHERE POSSIBLE. 

0 NOTE THAT ESOTERIC CHARACTERS WHICH ARE AVAILABLE ON SOME PRINTERS 

ARE NOT UNIVERSAL and ONE SHOULD RESTRICT ONESELF TO USE OF 0-9 A-Z / * 

+ -<)•#. 

ENDELT 
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THE CARD ORDER AND FILE REQUIREMENTS (2-A) AND THE CARD FORMAT SECTIONS 

HAVE the following i-ormat. 


COLUMNS- 


0000000001111111111222222222233333333334444444444555555555566686666667777777777 
1234567890 123456769012345678901234567890 12345678901 2345678901234567390123456789 

ELEMENT 
1 

U 
0 

OA. CARD ORDER SUMMARY FOR =E*AMPL= PROGRAM 


0 

0 

0 EXAVPL PROGRAM CALLING C“P.D 

0 END END CARD 

0 

0***** POSSIDlY REAUS =nfilea= ***** 
c***** never WRITES =NFILE 6 = ***** 

1 

u 

0 

08. CARD FORMATS for =EXAMPL= PROGRAM 


0 

0 

OOPERATION CAROS ARt DESCRIBED IN SECTION p> . GENERL-A , AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 •GENERL-B . THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION, 

OEXAMPl - PROGRAM CALLING CARO, 

FORMAT (A2rA4»lX>A2# A4) 

0 COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 EXAMPL 

8 -I 3 COMPOUND IDENTIFICATION CODE 
OENU • - END CARD, 

FORMAT (A2tA4) 

0 COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 

4-6 BLANK (NO I E THAT COLUMNS WHICH M U ST BE BLANK ARC SO DESCRIBED - 
IGNORED COLUMNS ARE NOT REFERENCED) 


2.EXAMPL-A 1 


2.EXAMPL-B 1 
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=WTANAL= - A PROGRAM TO ANALYZE WEIGHTING SCHEMES 


=WTANAL= WAS ORIGINa.LY WRITTEN BY PETER WOODWARD AND ADAPTED TO 
SYSTEM FORMAT BY JOHN BALDWIN. 

THE PURPObE OF THIS PROGRAM IS TO EXAMINE SUM <W*DELTA SOUASED) AND 

sum (Delta squared) as a function of the parameters fobs, sin t h eta, or layer 
index, further, it allows a separate analysis of reflections for which fobs is 

LESS Than A SPECIFItD THRESHOLD value (AS A function OF FOBS), AND ALSO OF LESS 
THANS (AS A FUNCTION OF SIN THETA). IN EACH OF THESE TWO CASES* REFLECTIONS 
ARE SUB-DIVIDED AS 10 WHETHER E OBSERVED Is GREATER OR LESS THAN F CALCULATED. 

THE INPUT DATA SPECIFIES THE WAVELENGTH OF THE RADIATION USED. BY 
CHOOSING A LAMBDA VALUE OF 1.0 THE SINE THETA ANALYSIS WILL BE 
IN. TERMS OF SIN THE I A OVER LAM»DA. UP TO ?0 INTERVALS ARE ALLOWED FOR EACH 
ANALYSIS EXCEPTING I HAT FOR LAYER INDEX. IN THIS CASE, A MAXIMUM OF 41 LAYERS 
(E.G. ANY ONE OF H,R,L FROM -2" THROUGH + 2 fl ) IS PERMITTED AND THE USER MUST 
SPECIFY THE LARGEST OCCURRING NEGATIVE INDEX. 

DURING THt SCAN THROUGH THE BINARY FILE, THE FOLLOWING ARE SUMMED - 
F Ot)S» F CALC, DELTA, OELTA SQUARED, WyOELT* SQUARED AND NUMBER OF REFLECTIONS 
- FOR PARAMETER INTERVALS DEFINED BY THE USER. NOTE THAT * LESS-THANS * ARE ONLY 
INCLUDED IN ONE TYPt OF ANALYSTS. 

THE METHOD OF OEFINIng THE PARAMETER INTERVALS MEANS THAT THE FINAL 
OUTPUT FOR THAT INTERVAL IS AN ANALYSIS OF REFLECTIONS FOR WHICH THE ACTUAL 

PARAMETER VALUE IS LESS THAN THE CHOSEN INTERVAL VALUE. THUS, WITH F OBS 

INTERVAL VALUES OF 10.0, 20.0, 50. 0» REFLECTIONS WITH F OBS LESS THAN 10.0 

WILL BE LISTED AGAINST 10.0, THOSE IN THE RANGE 10.0 TO 20.0 AGAINST 20.0 AND 

SO ON, THUS, IF THt FIRST INTERVAL VALUE FOR F OBS IS MADE TO 8E THE SAME AS ■ • 
THE THRESHOLD VALUE, all REFLECTIONS WITH f OBS LESS THAN THIS VALUE WILL BE 
GENERALLY ANALYSED IN THE F OBS ANALYSIS AnD IN MORE DETAIL- IN THE SMALL F OBS 

analysis, furthermore, the mayimum specified interval value fo« any parameter 

SHOULO BE CHOSEN TO BE GREATER THAN THE LARGEST VALUE, (IF IT IS NOT, THt 
HIGHEST INTERVAL VALUE WILL also INCLUDE THE REFLECTIONS ABOVE The TOP OF ITS 
RANGE.) if the series of the intervai values is chosen such that it is NOT 
monotonic increasing, then at least one interval value will NOT CONTAIN Any 
REFLECTIONS. THE HROGRAM MAKFS NO CHECK FOR THESE CONDITIONS. 

EXTINCT RtFLECTIONS ARE NOT ANALYZED. 
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=WTLSSQ= - REVISE WEIGHTS FOR LEAST SQUARES 


=WTLSSO= WAS ORIGINALLY WRITTEN BY ANN KERR AND ADAPTED TO SYSTEM 
FORMAT BY JOHN BALDWIN, MICHAtL SCHNEIDER EXTENDED THE PROGRAM’S USEFULNESS 
BY INCLUCING ADDITIONAL WEIGHTING SCHEMES. 

THIS PROGKAM IS DESIGNED TO COPY A BINARY DATA PILE CHANGING ONLY THE 
WEIGHT ASSIGNED TO C.ACH REFLECTION. IT UTILISES V, THE WEIGHT CURRENTLY IN 
THE BINARY DATA FILL AND THEREFORE CARE SHOULD BE. TAKEN THAT THE ORIGINAL VALUE 
OF W Is NOT OVERWRI I TEN UNTIL « SATISFACTORY NEW WEIGHTING SCHEME IS OBTAINED. 

IN THE EARLY STAGES gF REFINEMENT. artificial weights may BE . 

EMPLOYFO IN ORDER TU ACCELERATE REF INEVENT, FOR EXAMPLE, DOWN-WEIGHTING HIGH 
ORDER REFLECTIONS OR THOSE WITH SMALL F CALCULATED. 


DURING the LATTER STAGES OF REFINEMENT. WEIGHTS SHOULD BE RELATED 
TO THE ACCURACY OF I HE STRUCTURE FACTORS. THIS MAY BE DONE IN ONE OF TWO WAYS. 
FIRST, THE WEIGHTS. COULD REFLECT THE PPECIsION OF THE DATA, E.G., SIGMA ( F ) , 

OR SIG.vA(I) FOR DAT« COLLECTED ON A DIFFRACTOMETER. THE SECOND METHOD IS TO 
USE A SCHEME WITH A VERY SMALL NUMBER OF PARAMETERS IN RELATION TO THE DAT*' 

AND ADJUSTED SO THAI THE AVERAGE W*DELTA**2 IS ABOUT THE SAME FOR SIMILAR 1 
SIZED GROUPS ANALYZED IN A SYSTEMATIC WAY# E.G., BY RANGES OF F OBSERVED, OR 
SIN(THpTA) . IN THIS WAY, THt WEIGHTS WILL ALLOW FOR SYSTEMATIC EXPERIMENTAL 
errors not PARALLELED In THE CALCULATED MODEL AND DEFECTS IN THE MODEL NOT 
PARALLELED IN THE DATA. 

THE X-RAY SYSTEM ALLOWS THE USER TO CHOOSE ANY OF THE FOLLOWING 
SCHEMES BY DEFINING THE VARIOUS COEFFICIENTS - A, B, C, ETC, 

1. W = 1 , 0 / ( A + B*SIGMA(FOBS) **2 ♦C/<OLO WEIGHT) + OwFOBS + E*F08S**2 + 

G*FCBS**H + J*SIN(THETA) ) 

THIS ALLOWS THE USER TO DEVELOP A POWER SERIES TYPE SCHEME. REDUCED 
FORMS ARE AVAILABLE IN SCHEMES 2 AND 7. 

2. W = 1 , 0/ ( A + B*FOBS + C*F0BS**2/ < OLD WEIGHT) + D*F0BS**6 + 

E*SIN< IHETA) ) 

THE E*SIN< IHETA) TERM WILL BE USEFUL IN THE EARLY STAGES OF REFINE- 
MENT WHEN I HE PHASES nF THE HIGH ORDER REFLECTIONS ARE UNCERTAIN, 

(SEE SCHEMt 7) . 

3. THIS SCHEMt GIVES UNIT WEIGHTS TO MOST REFLECTIONS BUT DOWN-WEIGHTS 
THOSE WITH LARGE F(OBS) AND/OR SMALL SIN(THETA) VALUES. REFLECTIONS 
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WITH a SERIOUS UNCERTAINTY of phase (E.G., IF ABs(FCAlC) is less than 
0.33*FOBS) CAN BE REMOVED from the refinement, this SCHEME is often 
USEFUL WITH data OBTAINED FROM A LINEAR DIFFRACTOMETER. 

IM = X*Y 

IF A*FUBS IS GREATER than /FCALC/ then weight is 0.000000001. 

B = S IN ( THETA ) LI^IT — IF SIN(THETA) IS GREATER THAN B, X = 1, 
ELSE X = SIN (THETA) ZB. 

C = FOBS LIMIT — IF C IS GREATER THAN FOBS, THEN Y = 1, ELSE 
Y = C/F ( OBS ) 


♦NOTE 8 SHOULD NUT BE ZERO. 

4. IF FOBS IS LESS THAN OR EQUAL TO A, W = (FOBS/A) **2, ELSE 
W = ( A/FOBS )**2 

REFLECTIONS WITH FOBS = A ARE GIVEN MAXIMUM WEIGHT. 


5. IF FOBS IS LESS THAN hr EQUAL TO A* W = 1, ELSE W = (A/FOBS ) **2 
SMALL REFLECTIONS ARE GIVEN CONSTANT WEIGHT. IN HUGHES' ORIGINAL 
TREATMENT, A = 4*F(MI<w) 


6. W = 1.0/11 + ((FOBS - 

REFLECTIONS WITH FOBS = B ARE GIVEN MAXIMUM WEIGHT, BuT IF A IS 
VERY LARGE, THE WEIGHTS ARE CONSTANT, 



W = 1 . 0/ ( A + FOBS + B*F0BS**2 + C*FOBS**3) 

CRUICKSHANK SUGGESTS THAT A = 2*F(MIN), B = 2/F(MAX), 
ARE USEFUL. 


AND C 


= 0 


A LARGE VALUE OF C* S»Y C = 5/F(MAX)**2» MAy HELP DOWN-WEIGHT LARGE 
FOBS SUBJECT TO EXTINCTION. THESE VALUES MAY PROVE USEFUL IN SCHEMES 
1 AND 2. 


8, W = A/AMAX1 (SIGMA ( F ) , (B*FOBS + c>» ID*G + E>) WHERE G IS FRELM. 
FOR A COMPLETE DESCRIPTION OF THIS IUMV, OF WASHINGTON) SCHEME, 
SEE l.DATRUN. 


9. W S 1 . 0 /SIGMA ( FREL ) **2 


10. W = 1,0/SIGMA(I)**2 


♦NOTE — SCHEMES 9 AND 10 REQUIRE THE SIGMA VALUES TO HAVE BEEN INCLUDED At 
=DATRDN s TIME. 

11, W = A I.L., PRODUCES CONSTANT WEIGHTS. 

IT IS POSSIBLE TO SUPPLY A MAXIMUM ALLOWABLE WEIGHT FOR ANY REFLEC- 
TION, THUS PREVENTING ERRORS In SUBSEQUENT LEAST SQUARES REFINEMENTS. 


IN ADDITION TO ASSIGNING NEW VALUES TO THE WEIGHT OF EACH REFLECTION. 
IT IS POSSIBLE TO MUDIFY THE LESS-THAN STATUS' OF A REFLECTION BY DEFINING A 
NEW THRESHOLD VALUE (SEE • LESS-TH ANS * , l.GENERL). 


A SUGGESTtD USE OF THIS PROGRAM IS TO MAKE A PRELIMINARY RUN WITH 
THE APPROPRIATE WEIGHTING SCHEME USING DEFAULT RANGES OF FOBS AND SIN (THETA) 


C 
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AND WRITING ON to a SCRATCH FILE FOR =mFIUE8=. repeated USE of the program 
(POSSIBLY IN CONJUNCTION WITH =WTANAL=) WIlL THEN ALLOW MORE SATISFACTORY 
RANGES TO HE CHOSEN UNTIL THE "ESIREO SERIES OF WEIGHTS IS OBTAINED. ONLY 
AT THIs STAGE SHOULD THE OUTPUT BINARY DATA FILE BE SAvEO, A GOOD RULE OF 
THUMB IS THAT WHEN I HE MAXIMUM AVERAGE W*DfLTA**2 IS EQUAL TO. OR LESS THAN, 
TWICE THE MINIMUM VALUE, A REASONABLE SET oF WEIGHTS HAS BEEN OBTAINED. 

THE PROGRAM PRODUCES A M0N0VAR I AyE ANALYSIS OF THE PROPOSED WEIGHT- 
ING SCHEME AS A FUNCTION OF FOhS ANO OF SIn(THETA) AT SPECIFIED INTERVALS, AND 
Then uses THESE SAME INTERVALS TO PRODUCE A BIVARIATE ANALYSIS. FOR THIS 
REASON THE INTERVALS CHOSEN WILL USUALLY BE LARGER AND FEWER THAN THOSE USED IN 
=WTANAL=. LESS-THANS ARE NOT INCLUDED IN THESE ANALYSES, BUT IT IS POSSIBLE TO 
WEIGHT THE LESS-THANS WITH A CONSTANT WEIGHT, OR BY THE EQUATION CHOSEN, OR TO 
GIVE Them NEGLIGIBLE weight IF FOBS .GT. FcALC, and BY THE Equation IF FCALC 
.GT. Fobs. the PROGRAM PRINTS OUT MINIMUM WEIGHT, MAXIMUM WEIGHT, AND AVERAGE 
W*OELTaSQ FOR BOTH I HE OBSERVED REFLECTIONS AND THE LESS-THANS. 
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TABLE OF CONTENTS- PART 1 1 


THE INPUT DATA REQUIREMENTS EOR EACH PROGRAM ARE GIVEN IN TWO PARTS. 
THE' FIrST , NUMBERED 2.XXXXX-A, IS A CARD ORDER AND FILE HANDLING SUMMARY* 

AND THE SECOND, 2.XXXXX-B, GIVRS THE DETAILED CARD FORMATS. 

GENErl GENERAL DESCRIPTION OF THE system 

ABSORB OIFFRAC IOMETER ABSORPTION CORRECTION 

APHASE SEARCH OF SIGMA-TWO RELATIONSHIPS FOR A SET OF POSSIBLE PHASES 
(ACENTRIC CASE) 

BONDAT GENERA I ION OF BONDED ATOM POSITIONS 

BONQLA DETERMINATION OF CONTACT AND BOND DISTANCES A*|D ANGLES WITH 
ESTIMATED ERRORS 

CRYLSQ GENERAL CRYSTALLOGRAPHIC LFAST SQUARES PROGRAM 

OATC05 TREATMENT OF DIFFR»CTOMETER DATA 

DATRDN PREPARA I ION OF BINARY DATA FILE AND PRELIMINARY TREATMENT OF 
DATA ANU symmetry 

DIFPCH PKEPARAIION OF SORTED DIFFRACTOMETER SETTING CARDS 

DIFSET GENERATION OF SETTINGS FOR GATHERING DATA ON AN AUTOMATED 

DiFFRAC I OMETER 

DUMCOP DUMP OR COPY THE BINARY DATA FILE 
FC STRUCTURE FACTOR CALCULATION 

FOURS FOURIER TRANSFORMATIONS TO GIVE PATTERSON, VECTOR, ELECTRON 

DENSITY, DIFFERENCE , OR E MAPS 

LISTFC LISTS STRUCTURE FACTORS FOR PUBLICATION 

LOAOAT LOAD ATOMIC PARAMETERS INTO THE BINARY DATA FILE 

LSOFL CALCULAIION OF EQUATIONS OF 3-DIMENSIONAl PLANES AnO LINES 

MODIFY BINARY DATA FILE EDITING AND GENERATION OF PSEUDO DATA 

PRELIMINARY DATA SCALING, CALCULATION OF QUASI-NORMALIZED 


normsf 
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STRUCTUKt FACTORS (E), AND ESTIMATION OF OVERALL TEMPERATURE 
FACTOR 

PARA M LEAST SUUARES REFINEMENT OF CELL PARAMETERS FROM TWO THETA DATA 

PtKPIK SEARCH COURIER MAPS FOR PEAKS 

PHASE SEARCH OF SIGMA-TWO RELATIONSHIPS FOR A SET OF POSSIBLE PHASES 

(CENTRIC CASE) 

REVIEW EVALUATION OF DIRECT PHASE DETERMINATION 

RUST LISTS R VALUES FOR VARIOUS ZON^S AND OTHER REFLECTION CLASSES 

SINGEN FORMS TRIPLES FOR PHASE DETERMlNAT ION (CENTRIC OR ACENTRIC) 
STEPRF STEP REFINEMENT 

TANGEN USE CF IANGENT FORMULA TO CALCULATE PHASES 

WRITEU GENERATION OF WRITF-UP 

WTANAL ANALYSIS OF LEAST SQUARES WEIGHTING SCHEMES 

WTLSSQ REVISION OF LEAST SQUARES WEIGHTING SCHEMES 
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ENDFIL 

FILES 

FINISH 

REMARK 

restart 

SAVE 

TITLE 

VERIFY 
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LIST OF OPERATION CARDS 


WRITES REMARK rEND OF OUTPUT F I LE= AND WRITES ONE END-OF-FILE MARK. 
REWINDS FILE =NTO(JT- AND REDEFINES =NTOUT= TO =NTOUT' v '=. 

NOTE - IF ' (N70UT) = C' l TOUTMI THE =ENDFIL= CARD IS IGNORED. 

(THESE FILE DESIGNATIONS ARE DEFINED IN l.GENERL.) 

THIS CARU SHOULD FOLLOW THE APPROPRIATE =END= CARD. 

ASSIGNS FILE UNIT DESIGNATIONS. THIS WILL USUALLY PRECEDE A PROGRAM 
CALLING LARD. 

CAUSES IMMEDIATE RETURN TO LABOR A r ORY SYSTEM (IF ANy>. MUST PE 
USED WITH ANY LABORATORY MONITOR WHICH DOES NOT USE END-OF-FILe 
MARKS BE 1 WEEN JOBS (E.G.- BELL). 

THIS CARU MUST OCCUR AT THE ABSOLUTE END OF A DATA DECK. 

INSERTS REMARKS ON THF PRINTED OUTPUT. 

CAUSES REINITIALIZATION OF SYSTEM. FILE ASSIGNMENTS* CLEARS TITLE • 
TO BLANK* RESETS HAKE COUNT TO /ERO* ETC. (REFER TO l.GENERL), A 
=RESTART= CARD SHOULD ONLY APPEAR AFTER AN =ENQ= CARD, 

CAUSES UNLOADING OR PHYSICAL DISCONNECTION OF THE SPECIFIED LOGICAL 
FILES. I HIS SHOULO NOT BE INCLUDED UNTIL THE END OF THE RUN, AND 

should usually be preceded hy a =restart= card. 

FILLS IN PAGE TITLE. NEW =TITLE= CARD CHANGES STORED TITLE. 
=RESTART= CARO INITIALIZES STORED TITLE TO BLANKS. 

CONTROLS LISTING OF ALL DATA INPUT CARDS ON =NTOUT= AS THEY ARE 
ENCOUNTERED. 
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CARD FORMATS FOR SYSTEM OPERATION CARDS 


ENDFIL - END FILE OUTPUT (FILE =NTOUT=), 

Format (A2#a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 ENDFIL 

FILES - SET VALUES FOR LOGICAL FILE DESIGNATION NUMBERS. A BLANK FIELD 

IMPLIES NO CHANGE IN GIVEN FILE DESIGNATION. REMEMBER THAT =NFlLEA= 
AND =NFILEU= ARE INTERCHANGED AUTOMATICALLY AFTER EACH PROGRAM CALL. 
Format <A2»A4.i2i3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 FILES 
6 BLANK 

FILE USUAL PURPOSF 


7-9 NT I N CARD INPUT (from CARP REpHER) 

10 — 1'; N'TOUT PRINTED OUTPUT (TO LINE PRINTER) 

13-15 NFILEA INPUT BINARY X-RAY DATA flLE 

16— lp NFILEB OUTPUT BINARY X-RAY DATA FILE. 

19-21 NFILEC PUNCH' CARD OUTPUT (TO CArD PUNCH) 

22-24 NFILED SPARE OFFLINE PRINT OUTPUT FILE 

25- 27 NFILEE SCRATCH FILE FOR VARIOUS LINKS 

26- 30 NFILEF SCRATCH FILE FOR VARIOUS LINKS 

31-33 NFILEG SCRATCH FILE FOR VARIOUS LINKS 

34-36 NFILEH SCRATCH FILE FOR VARIOUS LINKS 

37-3P NFILEI SCRATCH FILE FOR VARIOUS LINKS 

40-42 NFILEU SCRATCH FILE FOR VARIOUS LINKS 

FINISH - RUN TERMINATION CARD. 

Format (A2.a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OP tHE FIELD 
1-6 FINISH 

REMARK - REMARK CARU. A =REMA°K= CARO IS ySED TO INSERT A REMARK ONTO THE 
PRINTED OU f PUT ON =NTOUT= AT ANY TIME. 

Format <A2»i9A4,a2) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 REMARK 

7-80 ALPHANUMERIC INFORMATION FOR REMARK 
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RESTART - REINITIALIZE SYSTEM. 

Format <A2»a4> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-7 RESTART 

SAVE - PHYSICALLY REMOVE THE SPECIFIED DATA FILE FROM THE COMPUTER. WILE 
NOT ftORK FUR ALL MACHINES, 

Format (A2>A4,i2I3) 

COLS SPECIFIED PUNCHING OK FUNCTION OF t«E FIELD 
1-4 SAVE 
5-6 BLANK 

T-g^O-iafli-lS, 40-42 '"UMBERS OF LOGICAL FILES TO BE REMOVED. FIRST 

BLANK FIELD TERMINATES SCAN OF CARD. 

TITLE - FOR HEADING PAGES ON THE PRINTER OUTPUT (=NTOuT=), SHOULD BE USED 
AT THE START OF EVERY RUN AND AFTER EVERY =RESTART= CARD. INCLUDE 
REASON FOR RUN. 

Format <A2,iba4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 TITLE 
6 BLANK 

7-74 ALPHANUMERIC INFORMATION FOR PAGE TITLE 

VERIFY - CONTROLS LISTING OF INPUT CARDS AT THE TIME THEY ARE ENCOUNTERED 
(=RESTART= RESETS THIS FLAG TO SUPPRESS LISTING), 

Format (A2* A4.bx, id 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 VERIFY 

9 BLANK/1 FOR (DO)/(DO NOT) LIST INPuT DATA CARDS 
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CARD ORDER SUMMARY FOR =ABSORB= PROGRAM 


ABSORB 

CELL 

ORREF 

♦FACE 

♦FACEPT 

**HKL 


PROGRAM CALLING CARO 
UNIT CtLL PARAMETERS 
CRYSTAL ORIENTATION DEFINITION 

CRYSTAL DESCRIPTION IN TERMS OF PHI , CHI AND DISTANCE 
CRYSTAL DESCRIPTION USING 3 POINTS PER FACE 
ST AND ARU SYSTEM REFLECTION CArD 


end 


♦THE CRYSTAL FALL DATA MUST BE INPUT USING EITHER =FACE= OR rFACEPT 
CARDS. THESE TTPES CANNOT BE MIXED. 

♦♦THE STANDARD REFLECTION CARO CAN ALSO BE BLANK IN COLS 1-6. 
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i 


*****REFLECTION OUTPUT FILE (IF SELECTED) WILL BE =NFT'.EG= 
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a, CARD FORMATS FOR =ABSORB= PROGRAM 


ABSORB - PROGRAM CALLING CARO, 

FORMAT (A2. A4,1X,A2,A4»F7.u,3I5»5X,I5,F10.5.F-'6.2.F9.5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 ABSORB 

8-13 COMPOUND I ULNT I F I C AT I ON CODE 

14-2.-1 LINEAR ABSORPTION COEFF ICIEMT IN C.v,**-1 

21-25 NUMBER OF GBIU POINTS 10 BE CALCULATED ALONG X t N 1 » 

26-30 NUMBER OF GHlU POINTS TO BE CALCULATED ALONG Y <N?) 

31-35 NUMBER OF G*1D POINTS TO HE CALCULATED ALONG Z (NM 

( Nl*N2*N3 MUST NOT EXCEED 40°6) 

41-4* 0/1/2 FOR REFLECTION OUTPUT ON NF IlEG/NFILEC (CARDS) /NOTHING 
46-55 RAOIa'tION WAVELENGTH (ANGSTROMS) 

56-61 PHI VALUE (UEGREES ) OF REFLECTIONS MEASURED AT CHI = 90.0 DEGS 
62-70 MULTIPLIER 10 CONVERT INPUT CRYSTA L DIMENSIONS TO CM 
<0 OK BLANK = 1,0) 


CELL - CELL PARAMETERS 

FORMAT <A2»A4r /XrSFS.SfSF^.S) 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-4 CELL 
14-21 A (ANGS) 

22-2° 3 (ANGS) 

30-37 C (ANGS) 

36-46 ALPHA (OEGS) 

47-55 BETA (DEGS) 

56-64 GAMMA (DEGS) 


ORREF - CRYSTAL ORIENTATION 

Format ( A2>A4,4X f 2(3F3.0»1X»2F10,5) ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 5 ORREF 

I I- 1 3 H OF PRIMARY ORIENTING REFLECTION 
14-16 K 

17-19 L 

21-30 CHI (OEGS) 

31-40 PHI ( DEGS ) 

41-43 H OF SECONDARY ORIENTING REFLECTION 
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44-46 K 
47-49 L 

51-60 CHI (DE6S) 
61-70 PHI (OEGS) 


FACE - CRYSTAL FACt DEFINITION FOR FACE IN DIFFRACTING POSITION 
FORMAT (A2f A4*4X»3F10.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-4 FACE 

U-2o CHI (DEGS) REQUIRED TO PLACE CRYSTAL FACE IN DIFFRACTING POSITION 

21-30 PHI (DEGS) REQUIRED TO PLACE CRYSTAL FACE IN DIFFRACTING POSITION 

31-40 DISTANCE FROM FACE TO SOME POINT INSIDE THE CRYSTAL IN CMS 
★♦NOTE - THE UISIANCE NEED NOT BE IN SPECIFIED IN CmS IF THE APPROPRIATE 

CONVERSION FACTOR IS P L ACED IN COLS 62-70 OF THE =ABS0R8= CARD. 


FACEPT - CRYSTAL FAOE DEFINITION WITH 3 POINTS PER FACE 
format <A2,a 2. i2,9F8.4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 FACEPT 

7-8 -I/O FOR FARE FACE TO RE USED ONLY FOR CRYSTAL ORIENTATION/ 
NORMAL OR ORIENTATION FACE 


9-16 

Xl 





17-24 

Y 1 

COORDINATES (CM) 

FOR POINT 

1 IN AN 

arbitrary, 

23-32 

Z1 

kight-hanheo, 

CARTESIAN 

SYSTEM 


33-40 

X2 





4 1-48 

Y2 

COORDINATES (CM) 

FOR POINT 

2 


49-56 

Z2 





57-64 

X3 





65-72 

Y3 

COORDINATES (CM) 

FOR POINT 

3 


73-80 

Z3 





♦♦NOTE 

- THt 

COORDINATES may re 

CONVERTED TO THE CM 

scale using THE 


CONVERSION FACTOR IN COLS F-2-7 o OF THE =ABSOKR= CARD. 

♦♦♦NOTE WELL - THt PRIMARY A*D SECONDARY ORIENTING REFLECTIONS ON THE 

=0«REF= CARO njST HE THE INDICES OF THE FACES SPECIFIED ON 
THt 1ST AND 2ND =FACEPT= CARDS. 


HKL - STANDARD SYSTEM REFLECTION CARD (SEE rDATRDN FOR DETAILS AND 
CARD FORMA I ) . THE CARti IS READ USING FORMAT ( 3A4 , A 1 * 313* 3 ( 2*4 » 
Al) ,A4.A1,2A4*7X,2A4.»3) . 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 HKL 
7-13 ANYTHING 
14-16 H 

17-IP k 

20-22 L 

23-62 ANYTHING 
70-80 ANYTHING 
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**NOTE - THE ONLY OAT A USED IS H » K » L , THp DATA CONTAINED IN THE 

rANYTHINUr COLUMNS IS REGURGITATED UNCHANGED TO THE OUTPUT 
FILE, THE. ABSORPTION CORRECTION IS PLACED IN COLS 63-69. 


END - END CARD 

Format <A2.a4) 

COLS SPECIFIED PUNCHING 
1-3 END 
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a. card order summary for =aphase= program 


APHASE PROGRAM CALLING C«RU 

♦PHI Q£F INI I ION OF STARTING REFLECTIONS 

♦IGNORE DELETIUN OF A RELATIONSHIP 

♦HOLD WITHOLDING A RELFECTION FROM THg SIMPLIFICATION PROCESS 
END END CARD 

♦ THESE CARDS ARE OPTIONAL 
***** READS =NFILEA= ***** 

***** WRITES =NFILEO= ***** 

***** OPTIONALLY READS rNFILEE- AND WRITES =NFILEF= (SEE COL. l5 OF =APHAsE= 
CARD) ***** 

***** SCRATCHES CN =NFILEG= ANM =NFILEH= ***** 
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B. CAPO FORMATS FOK =APHASt= PROGRAM 


OPERATION CAROS ARE DESCRIBED IN SECTION 2 , GENERL-A t AND THEIR FORMATS ARE 
GIVEN IN SECTION 2.GENERL-B. THE POSITIONING OF THESE CARDS IS DICTATED 3Y 
THEIR FUNCTION. 

APHASE - PROGRAM CALLING CARD. 

FORMAT! A2. At>»lX,A2,A4, I2.AI5 > 3FS.?,2IS»lX*4ll»F5.0) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 APHASE 

8-13 COMPOUND IDENTIFICATION CODE 

16 (BLANK )/(l) TO ENTER BINARY DATA AND =SINGEN= FILES FROM (=NFILEA= AND 
=NFILEE=)/(=NFILEA= ONLY) IN BOTH CASES =NFILEA= MUST CONTAIN E-VALUES 
PRODUCED BY =NORMSF= 

16-20 MAXIMUM PHASE NO. TO OF CONSIDERED AS A POSSIBLE =GENERATOR= (8LANK=100 1 
21-25 MINIMUM NUMBER OF =GENFRATORS= REQUIRED FOR THIS CALCULATION (BLAmK= 0) 
?6-3o MINIMUM NUMBER OF STRUCT. INV. RELATIONSHIPS A PHASE M(;ST APPEAR IN TO 
FORM A r GENERATORS (BL'<NK=5> 

31-35 MAXIMUM PHASE NO. <N3) CONSIDERED jN THE FORMATION OF STRUCT. INV, 
RELATIONSHIPS OF THE TYPE — l PHI 1+PHI 2+PHI 3+PHI4 ! ( KlAnK=9999 ) 

40 (BLANK)/(1) ENTER FROM sNFILEEr OR rNFILEAs TRIPLETS WITH (BOTH RESTR- 

ICTED AND UNRESTRICTED PHASFS ) / ( KESTR ICTED PHASES ONLY) 

46 (BLANK ) / ( 1 ) / (2) CALCULATE <S.I. AVERAGES TO ESTIMATE -PSI- AND SOLVE 
FOR -PHI- ! / ( S . I . AVERAGES FOR -PSI- ONLY )/{ SOLVE FOR -PHJ- ASSUMING 
-PSI- IS ZERO) 

46-5o MINIMUM A-VALUc OF TRIPLET USED IN CALCULATION (BLANK = C.5) 

51-55 A-THRESHOLO OF TYPE2 TRIPLETS TO COUNT TOWARDS DEFINING rGENER ATORSr 
(BLANK =MIN , A-VALUE ) 

56-6(1 E-THRESHOLD OF THE -O- AND -S- AVERAGES (BLANK = 1.3) 

61-65 NUMBER OF TRIPLETS PER GROUP OF CONSTANT A TO ESTIMATE SCALES M AND K 
IN THE M(O-KS) FORMULA (BLANK = 5c) 

66-7C MAXIMUM DEVIATION OF A -PSI- VALUE (IF RESTRICTED) BEFORE IT IS MARKED 
UNRELIABLE FOR THE =SO' VE= PROCESS (BLANK s 60 OFGREF.S) 

72 (BLANK)/(l) (DO NOT ) / ( DO ) PRINT SUMMARY OF =GEN£RATOKS= 

73 ( BLANK ) / ( 1 ) (DO NOT)/(DO) PRINT TRIPLETS SORTED ACCORDING TO A-VALUE 

74 t BLANK ) / ( 1 ) (DO NOT ) / (DO ) PRINT -PSI- VALUES AND AVERAGES 

75 ! BLANK ) / ( 1 ) (DO NOT)/(DO) PRINT SOLVE PEDIGREE TABLES 

76-80 THE VALUE TO BE USEO T n TEST DISCREPANCIES. THAT IS THE NUMBER OF 

DEGREES BY WHICH A GENERATED PHASE CAN DIFFER DURING THE SOLUTION AND 
STILL BE CONSIDERED NON-CONFLICTING. BLANK IS SET To 15 DEGREES. 

PHI - CARD TO DEFINE GIVEN PHASES 

Format (A 2 . A 4 .ix. 13.5x.3iB.F5.Or 15) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 PHI 
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4-6 BLANK 

7-10 E-LIST SERIAL NO. OF REFLECTION 

ll-2o H INDEX 

21-25 K INDEX 

26-30 L INDEX 

30-40 PHASE IN DECREES 

41-45 (N) TO FIX PHASE FOR N CYCLES WHEN USING T HE PHASES DETERMINED BY , 
=APHASE= AS THE STARTING REFLECTIONS IN =TAN6EN= 

IGNORE - TO CAUSE THE OELETION OF CERTAIN RELATIONSHIPS FROM USE IN 
SOLVING FOR GENERATORS. 
format (A2.A4.3X. 141 S) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 6 IGNORE 

II- 15 CATALOG OR SERIAL NUMBER OF RELATIONSHIP TO BE IGNORED, THE PROGRAM 

MUST HAVE BEEN RUN ONCE. IN ORDER TO DISPLAY THESE NUMBERS. 

16-2c . 21-26* 76-80 AhE ALL USED JN THE SAME MANNER. THE FIRST 

BLANK FIELD TERMINATES THE SCAN, 

HOLD- rO CAUSE CERTAIN GENERATORS TO BE SOLVED FOR BuT NOT To BE USED TO UPDATE 
OR SOLVE FOR UTHER GENER«'TORS. IN EFFECT* IT MAKES IT POSSIBLE TO PLACE 
=6ENERATED= REFLECTIONS AMONG THE GENERATORS. 

FORMAT! A2.A4.4X. 1415) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 4 HOLD 

II- 15 SYMBOLIC PHASE OF REFLECTION TO BE =HELD=. 

16-20. 21-26. 76-80 Al_L USED IN THE SAME MANNER. THE FIRST BLANK 

FIELD TERMINATES THE So AN , 


***NOTE THAT THE COMBINED MAXIMUM NUMBER OP SYMBOLIC PHASES HELD AND 
SIGMA RELATIONSHIPS IGhOREO MAY NOT EXCEED 200, 

end - end card. 

Format! A2.A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CARD ORDER SUMMARY FOR =BONQAT= PROGRAM 
BONDAT PROGRAM CALLING CARD 

♦CELL CELL PARAMETERS IF NO BINARY DATA FILE — NOT ALLOWED WITH BDF 

♦ATOM ATOMIC PARAMETERS K)T REQUIRED WITH BINARY DATA FILE — 

WILL SUPERCEDE OR ADD TO LIST IF USED WITH BDF. 

CALCAT CALCULAIE ATOMS FRf'M GIVEN ATOMS IN SPECIFIED CONFIGURATION — 

• THESE CAROS ARE REPEATED FOR EaCH OF THE GENERATED ATOMS REQUIRED. 

END END CARU 

♦♦♦♦♦ READS =NFILEA= ♦♦♦♦* 

♦♦♦♦♦ OPTIONALLY WRITES =NFIL£p= ♦♦♦♦♦ 

**** 4 = OPTIONALLY WRITES CARD IMAGES ON =NFiLEC= *♦♦♦♦ ' 


D 
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b. CARD FORMATS FOK =80NDAT= PROGRAM 


OPERATION CARDS ARE DESCRIBED IN SECTION 2.GENERL-A. ADN THEIR FORMATS ARE 
GIVEN IN. SECTION 2.GENERL-B. THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

BONOAT - CALLING CARD FOR HOBOED ATOM CALCULATION PROGRAM 

Format < ai , A 4 »ix, A4» A2* ix» n.atix. id ) 

COLS SPECIFIED PUNCHING OR t-UNCTION OF THE FIELD 
1-6 BONOAT 

8-13 COMPOUND I Dfc-NT IFICATIO*' CODE 

IS { BLANK ) / ( 1 ) (EXPECT BINARY DATA FILE AND NF ILEA )/( CARDS ONLY) 

17 (BLANK ) / ( 1 ) \00 NOT ) / ( 00 ) PUNCH ATOM CAROS FOR GENERATED ATOMS 

19 ( BLANK ) / ( 1 ) (DO NOT ) / (DO ) WRITE UPDATED BINARY DATA FILE (COL. 15 

MUST BE'BLANK if COL, 19 IS 1) 

CELL _ CELL CONSTANT CARD 

FORMAT (A2»A4.1X,A4.A2.3Fp,3,3F9.5> 

COLS SPECIFIED PUNCHING OR ("UNCTION OF T HE FIELD 
1-4 CELL 

8-13 COMPOUND IOtNTIFICAT ION CODE 

14-21 A CELL DIMENSION 

22-29 B CELL DIMENSION 

30-37 C CELL DIMENSION 

38-46 COS ALPHA 

47-55 COS BETA 

56-64 COS GAMMA 

NOTE .... DIRECT cell. CONSTANTS AND COSINES OF ANGLES ONLY 

ATOM — ATOM PARAMEIER CARDS 

FORMAT (A2.A4.1X.A4.A2. 3F H . 4 ) 

COLS APECIr IED PUNCHING 0R FUNCTION OF THE FIEL3 
1-5 ATOM 

8-13 ATOM IDENTIFICATION COl’E (SEE I.GEmEHL) 

14-21 X PARAMETER IN FRACTION OF A CELL EDGE 

22-29 Y PARAMETER IN FRACTION OF B CELL EDGE 

30-37 Z PARAMETER IN FRACTION OF C CELL EDGE 

CALCAT — SPECIFIC ATOM CALCULATION CARD 

Format ( A2 . A4 . 1 * . A4 , A2 . F7 . J , 7 ( 1 X » A4 , A2 ) . 2F5 . 0 ) 
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COLS SPECIFIED PUNCHING OH FUNCTION OF THE FIELD 
1-6 CALCAT 

8-13 CALCULATION TYPE MAY Bfc SPECIFIED EITHER AS RIGHT JUSTIFIED 1,2, 3, 4, 5, 
6.7. OR 8 OK AS CODES LINEAR, TRIGON, TETCHN, TETERM, sORPLN, OCTHED, 
HEXGNL , OR toENRAL AS DESCRIBED IN i.BONDAT. 

14-2o DISTANCE OF ATTACHMENT OF GENERATED ATOMS 



CALCULATION 

type 

1 

2 

3 

4 

5 

6 

7 

8 

22-27 

NAME 

OF PI 


R 

R 

R 

R 

R 

R 

R 

R 

29-34 

NAME 

OF P2 


R 

R 

R 

R 

R 

R 

R 

R 

36-41 

NAME 

OF P3 



R 

R 

R 

R 

R 

R 

R 

43-48 

NAME 

FOR P4 


R 

R 

R 

R 

R 

R 

R 

R 

50-55 

NAME 

FOR P5 




R 

R 

R 

R 

R 


57-6? 

NAME 

FOR P6 





R 


R 

R 


64-69 

NAME 

FOR P7 







K 



70-7u 

ALPHA l 1 ) IN 

PLANE 

ANGLE 








75-79 

ALPHA (2) — 

angle 

OF ELEVATION 







THE NAMES PI THROUGH P7 REFER TO THE POINTS DESCRIBED IN I.BONDAT. 
THEY MAY -BE LEFT BLANK IF NOT REQUIRED FOR THE PARTICULAR BONDING SITUATION. 
IN ALL OTHER RESPECIS THEY MUST OBEY THE RULES OF ATOM NAMING GIVEN IN 
l.GENERL. THE R IN THE COLUMNS ABOVE SHOW WHICH ARE REQUIRED NAMES IN EACH 
GIVEN CASE. 

END — END CARD 

Format (A2,a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF x H E FIELD 
1-3 END 
4-6 BLANK 
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A. CARO OROER summary FOR rBONQLAs PROGRAM 


BONOLA PROGRAM CALLING CARD 

♦CELL CELL DIMENSIONS 

♦CELLSD STANDARD DEVIATIONS OF CELL PARAMETERS 

♦LA-flCE LATTICE TYPE 

♦SYMTRY SYMMEIKY OPERATION 

♦ATRAD SET AICMIC RADII 

♦ATOM ATOM PARAMETERS 

♦GRID GRID INFORMATION - REQUIRED ONLY IF =ATOMG= CARDS ARE USED 

J 

♦ATOMG SUPPLY ATOM GRID PARAMETERS _ REQUIRES PRESENCE OF A =GRID= CARD 

♦BOND PRODUCE A SPECIFIC BOND DISTANCE 

♦ANGLE PRODUCE A SPECIFIC BONO ANGLE 

END END CARD 

♦ THESE CARDS ARE OPTIONAL 

***** OPTIONALLY READS rNFILEAr (SEE NOTE) ***** 

***** OPTIONALLY PUNCHES CARDS ON =NFILEC= (SEE COLS 46“50 OF =BONDLAr 
CARD, AS WELL AS =BOND= AND =AnGLE = CARDS) ***** 

NOTE - THE ABSENCE OF A =CELL= CARO IMMEDIATELY FOLLOWING THE =BONDLA= CARD 
WILL CAUSE =NFILEA= TO RE READ. THE PRESENCE OF A =CELL= CARD IN 
THAT POSITION WILL IMPLY NO INPUT BINARY DATA FILE. 



2.B0N0LA-B 1 144 

04/22/72 


B. CARO FORMATS FOR =BONOLA= PROGRAM 


OPERATION CARDS ARE DESCRIBED IN SECTION 2.GENE3L- A, AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 • gENERL-B . THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION, 

BONULA - CALLING CARD. 

format (A2 t A4 , ix, A2»a4» I2#3fio.3, 15 ) 

COLS SPECIFIED PUNCHIN6 OR ‘-UNCTION OF -[HE FIELD 
1-6 BCNOLA 

8-13 COMPOUND IDENTIFICATION CODE 

14-lg ( BL ANX ) / ! 1 ) FOR ( PRINT )/ t SUPPRESS) ANCLE INFORMATION 
16- 25 MAXIMUM CON i ACT DISTANCE { BL An* = 2,50) 

26-35 MAXIMUM BONO DISTANCE (BLANK = 1.80> 

36-45 MINIMUM BOND DISTANCE (BLANK = 0.03) 

46- 50 i BLANK ) / < 1 ) c OR (DO NOT)/(DO! PUNCH =ATOM= CARDS ON =NFILEC= FOR ALL 

BONDED ATOMS. THIS AL! OWS FOR THE PRODUCTION OF A CONNECTED SET OF 

ATOMS. 

CELL - CELL CONSTANT CARO. 

Format < A2 » A4 , ix , A2 , A4 , 3F? . 3 # 3 F 9 , s ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-4 CELI- 

5-6 BLANK 

3-13 COMPOUND IDENTIFICATION CODE 

14-21 A CELL. DIMENSION OR At RECIPROCAL CELL DIMENSION 

22-29 B CELL DIMENSION OR to* RECIPROCAL CELL DIMENSION 

30-37 C CELL DIMENSION OR C* RECIPROCAL CELL DIMENSION 

30-4& COS ALPHA OR ALPHA IN DEGREES OR CoS ALPHA* OR ALPHA* JN DEGREES 

47- 55 COS BETA OR BETA IN DEGREES OR COS BETA* OR BETA* IN DEGREES 
56-64 COS GAMMA 0* GAMMA IN i 'EGRESS OR CoS GAMMA* OR GAMMA* IN DEGREES 

NOTE... QUANTITIES MUS - * BE EITHER ALL IN DIRECT SPACE 0« ALL IN 
RECIPROCAL SPACE. ANGLES MUST *ALL* GE GIVEN AS EITHER 
COSINES or in degrees. 

CELLSD - STANDARD DEVIATION OF UNIT CELL PARAMETERS. 

Format ( A2, A4» IX, A2, A4,3Fu.3»3F9.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-b CELLSD 

8-13 COMPOUND IDENTIFICATION CODE 

14-21 STANDARD DEVIATION IN M CELL DIMENSION (ANGSTROMS) 

22-29 STANDARD DEVIATION IN M CELL DIMENSION (ANGSTROMS) 

30-37 STANDARD DEVIATION IN C CELL DIMENSION (ANGSTROMS) 

38-46 STANDARD DEVIATION IN COS ALPHA CELL DIMENSION 
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47-55 STANDARD DEVIATION IN COS BETA CELL DIMENSION 
56-64 STANDARD DEVIATION IN COS GAMMA CELL DIMENSION 

LAT ICE - CENTRICITY IDENTIFICATION CARD. 

Format <A2* A4.2X, aj. ,2X, ai > 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 LATICE 

9 C = CENTRIC CELL* A = ACENTRIC CELL 

12 DESIGNATION OF LATTICE TYPE P . I # R * F* A ,6, C - ONE OF THE FOREGOING MUST 

EE PUNCHED 

SYMTR Y - SYMMETRY OPERATION CARD. 

FORMAT (A2»A4*b6Al) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 SYMTR Y 

7- 72 GENERAL EQUIVALENT POSITION. THE SYMMETRY OF THE SPACE GROUP IS 

INDICATED BT SUPPLYING THE SET OF GENERAL EQUIVALENT POSITIONS. EACH 
EQUIVALENT POSITION IS SPECIFIED ON A SEPARATE =SYMTRY= CARD. A SIMPLE 
RULE IS THAI ANY GENERAL EQUIVALENT POSITION IN THE INTERNATIONAL 
TABLES MAY oE WRITTEN VERBATIM WITH THE FOLLOWING CONVENTIONS* 

(1) MINUS SIGNS PRECFOE THE NEGATIVE QUANTITY* F.G. -X FOR X-BAR 

(2) FRACTIONS ARE WRITTEN WITH THE SLASH, E.G. 1/2 FOR ONE-HALF 
(3} BLANKS ARE IGNORED . 

NOTE.. 1/2-x OR -X+l/2 ARE BOTH ACCEPTABLE FORMATS. 

NOTE,., DO NOT PUNCH A^Y OPERATIONS THROUGH THE CENTER IF SPACE GROUP 
•IS COOED CENTRIC ON =LATICe= CARD. 

(SEE STATEMENT ON SYMMFTRY IN J.GEnERL) 

ATRAD - SET ATOMIC RADII CAKU. 

Format <A2*A4*1X,A4*4X,3F10.3> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 ATP AD 
6 BLANK 

8- 11 ATOM TYPE (SEE 1 . GENERl. ) 

16-25 CONTACT RADIUS IN ANGSTROM UNITS 

26-35 BOND RADIUS -IN AN6STR0” UNITS 

36-45 MINIMUM BOND RADIUS IN ANGSTROM UNITS 

N.B. THESE ARE RADII — THE QUANTITIES IN THE =BONOlA= CARD ARE DIAMETERS 

ATOM OR ATOMG - ATOM PARAMETER CARD. 

AN rATOMGr CARD IS IQFNTICAL TO An =ATOM= CARD SAVE THAT THE X, Y* Z, 
ARE DIVIDED BY THE TH«EE PARAMETERS SUPPLIED ON A =GRlO= CARD - USED 
TO AVOID CONVERTING FOURIER MAP COORDINATES. 

Format t A2 . aa* ix, A4* a2,3F8.4, i ix.^fs.s) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 ATOM OH ATOMG 

6 BLANK 

8-13 ATOM IDENTIFICATION (SFE 1, GENERL) 

14-21 X PARAMETER IN FRACTIONS OF A CELL EDGE 
22-2Q Y PARAMETER IN FRACTIONS OF B CELL EDGE 
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30-3? 2 PARAMETER IN FRACTIONS OF C CELL EDGE 
' 49-56 STANDARD DEVIATION IN v 

f>7— 6/j STANDARD CEVIATION IN Y 

66-7? STANDARD DEVIATION IN / 

GRID - FOURIER GRID CARO. 

Format ia 2 , A4» /x,3i4t 

COLS SPFCIFIED PUNCHING OH FUNCTION OF T HE FIE|_D 
1-4 GRID 
6-6 BLANK 

14- 17 NUM3EK OF GRID POINTS "LONG. A AXIS 

18-21 NUMBER OF GRID POINTS ALONG 6 AXIS 

22-25 NUMBER OF GRID POINTS ALONG C AXIS 

BONO _ CALCULATE a SPECIFIED *BONO» DISTANCE. 

Format (A2«a4,2(ix, A4,A2> > 

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 
1-4 BOND 
5-6 BLANK 

8-13 ATOM IDENTIFICATION OF FIRST ATOM 

15- 2(1 ATOM IDENTIFICATION OF BONDED ATOM 

ANGLE - CALCULATE « SPECIFIED ' BOND * ANGLf. 
format (A2.A4,4<ix,A4,A2) ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 ANGLE 
6 BLANK 

8-13 ATOM IDENTIFICATION OF FIRST BONDED ATOM 
15-20 ATOM IDENTIFICATION OF SECOND BONDED ATOM 
22-27 ATOM IDENTIFICATION CF THIRD BONDED ATOM 
29-34 ATOM IDENTIFICATION OF FOURTH BONDED ATOM 

NOTE - IF THE FIRST THREE FIELDS ARE SPECIFIED. THE CENTRAL ATOM MUST EE 

SECOND, IF FOUR FIELDS ARE SPECIFIED, THE FIRST AMD SECOND DEFINE ONE 
LINE, THE TH1KC AND FOURTH THE SECOND AND ATOMS Ty/0 AND THREE ARE 
PRESUMED TO BE TOWARD T«E APEX OF ThE ANGLE TG BE CALCULATED, 

WHENEVER =80NU= OH sANGLEs CARDS ARE SUPPLIED, THEY WILL CAUSE 
CORRESPOND I N'o CARUS TO fie PUNCHED CONTAINING THE RESULTING BOND LENGTHS 
AND ANGLES WITH THEIR STANDARD DEVIATIONS, 

END - END CARD. 

Format (Ag.AL) 

COLS SPECIFIED PUNCHING OK FUNCTION OF the FIELD 
1-3 END 
4-6 BLANK 
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A. CARO ORDEK SUMMARY FOR THE zCRYLSQz FR c .GRAM 


CRyLSO 

♦SCALE 

♦GROUP 

♦IDMOL 

♦ EXT INC 
♦MAXKKL 

♦ ATOM 
♦BLOCK 

♦ REF 
♦NOPEF 
♦CONSTR 

♦ SPECI A 
♦DIAPER 
♦RcLEAS 

END 


PROGRAM CALLING C»RO 

SCALE CARO FOR F RELATIVE DATA 
GROUP REFINEMENT 
IDENTICAL MOLECULE REFINEMENT 
ISOTROPIC' EXTINCTION CORRECTION 

PUTS LIMITS ON H,*,L, OR SIN THETA FOR THIS RUN ONLY 
ATOM SELECTION CA^O 
MATRIX BLOCKING C«RD 

TURN ON REFINEMENT OF SPECIFIED PARAMETERS 
SHUT Op F REFINEMENT OF SPECIFIED PARAMETERS 
CONSTRAINS ONE PARAMETER TO BE A FUNCTION OF ANOTHER 
SPECIAL POSITION CARD 
DISPERSION FACTOR CARO 

RELEASE ALL CONSTRAINTS READ FROM THE BINARY DATA FILE FOR A 
SPECIFIC ATOM 

END CARD 


♦ THESE CARDS ARE UPTIONAL 

NOTE 1 - IF MO ATOM CARDS ARE PRESENT, ALL THE ATOMS IN THE BINARY FILE ARE 
USED. IF ANY ATOMS A W E SPECIFIED BY CARDS, ONLY THOSE SPECIFIED ON 
THE CARDS ARE SELECTS!' FROM THE BINARY FILE. IF THERE ARE TOO MANY 
ATOMS IN THE FILE FOR THE STORAGE CAPACITY, CARDS WILL BE EXPECTED. 

NOTE 2 - IF ALL REFINEMENT RESTRICTION CARpS ARE LEFT OUT. REFINEMENT 
WILL BE ON ALL POSITIONAL. SCALE, AND THERMAL PARAMETERS. 

HOWEVER. MU SCATTERING FACTORS, OR POPULATION PARAMETERS WILL BE 
SET TO REFINE. 
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NOTE 3 - CARDS ARE READ IN TWO DIFFERENT BLOCKS -- 


A. FIRST MUST CO”E ALL =SCALE=, =ATOM=, =GR0UP=, =IDMOL=. 
=E*TINC=# rMAXHKLr CARDS 

6. THtN MUST COME ALL THE REcJ, E.G. =BLOCk=, =REF=, =N0REFz, 
=CONSTR=, =SPECIA=, =DISPER=, =END = 

***** pEADS =NFIL£A= ***** 

***** W RITES =NFILEb= ***** 

***** OPTIONALLY WRITES =NFILEE= (SEE COLS 44-45 OF =CRYLSQ= CARD) ***** 

***** OPTIONALLY PUNCHES CARDS ON rNFILECr (SEE COLS 40*41 OF =CRyLSG= CARD) ** 
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tJ. CARO FORMATS FOR THE =CHYLSO= PROGRAM 


OPERATION CAROS. ARE .DESCRIBED IN SECTION 2 . GENERL-A . AND THEIR FORMATS ARE 
GIVEN IN SECTION 2.MENERL-B. THE POSITIONING OF THESE CApDS Is DICTATED BY 
T HE 1 R FUNCTION. 

CRyLSO - CALLING CARD FOR THE CRYSTALLOGRAPHIC LEAST SQUARES PROGRAM 
format < A2 * au , i x , a? , A4 . i-9 ( i x » x 1 1 , gx , 4Fs. o i 

COLS. • SPECIFIED PUNCH I NG OR FUNCTION OF THE FIELD 
1-S . CRYLSO 

P-13 COMPOUND IDENTIFICATION CODE 
15 NUMBER OF CYCLES ( SL AN* =1! 

1 7 (0)/ti)/!2) = REF INEME'-'T BASED ON (F ) / ( F**2 ) / ( 1 ) 

****MOTE - IN THE FOLLOWING > I ELDS. THc. .vNEMCNICS IN THE FINAL PARENTHESES 
ARE USED TO IDENTIFY THE INPUT SPECIFICATIONS ON THE OUTPUT 
LISTING. 

19 <0)/(l)/(2)/(3) = (OVERALL)/! ISOTRoPIC)/( ANISOTROPIC) /(MIXED) 

TEMPERATURE FACTORS = ( OVRL ) ( I SO ) { ANSO ) ( M I XD ) 

**•>-. i i 0 T E - THt PROGRAM CONVERTS AS REQUIRED. IN THE MIXED MODE. 
CONVERSION IS ACCOMPLISHED VIA A =«EF= CARD. 

?1 (0)/;l) = (REFINE THE SCALE FACTORS SEPARATELY )/( REFINE THEM TOGETHER) 

= ( SEPR ) / ( UN I T ) 

23 (0)/(l)/<2>/<3) = (USE UNIT WE I GHT c, ) / ( TAKE WEIGHTS FROM THE BINARY 

DATA FILE) = (UNIT)/(FILE)/(CALCULATEO)/(l/SIGMAI) 

?5 ! 0 ) / ( 1 ) (FULL MATRIX O'-’ AS SPECIFIED BY =BLOCK= C ARDS )/( BLOCK-D I AGONAL ) 

REFINEMENT = (FREE ) / (BUCK ) 

27 (0)/(i) = (X-RAY)/(NELMRGN) DATA = ( XR AY ) / ( NEUT ) 

29 (0>/(l) = (DO NOT ) / ( DO • CONS I DF R IsCTROPIC EXTINCTION = (NONE/ISO) 

31 ( 0 ) / ( 1 ) / ( 2 ) = (DO NOT t 1ST ) / ( L I ST THE REFLECTIONS FOR WHICH THE 

WEIGHTED UElTA-f IS GREATER Than Ti-£ REJECTION PAR AMETE« ) / ( L 1ST 
REJECTED REFLECTIONS) = < NONE ) / ( GRTR ) / (RJCT > 

****NOTE - DONE I N CONJUNCTION WITH i HE REJECTION PARAMETER IN COLUMNS 
71-75 OF THIS CARD. 

33 <0>/U>/(2)/<3) = (LIST THE CORRELATION MATRIX ON THE L^ST CYCLE)/ 

(EVERY CYCLE ) / ( NOT AT ALL) /(DUMP THE DIRECT AND INVERTED MATRICES AND 
THE VECTOR FOR EACH CYCLE) = ( L AST ) / ( ALU / ( NO ) / ( DUMP ) 

35 (0>/(l) = < I ERM I NATE WHEN CONVERGENCE , I .E . A DECREASE IN R OF LESS THAN 

0.01 PERCENI. IS ACHIEVED OR ELSE WHEN DIVERGENCE OF R OF GREATER THAN 
0.2 OCCURS ) / ( DO NOT) = ( YES > / ( NO) 

37 ( 0 ) / ( 1 ) / ( 2 ) = (RESET TFMPERATUF.c FACTORS WHICH Go NON POSITIVE 

DEF'INITE)/( IERMINATE WHEN A TEMPERATURE FACTOR GOES NON POSITIVE 
DEFIN1TE)/(WRITE MESSAGE AND CONTINUE! = (RESET >/( STOP )/( GO) 

39 ( 0 ) / ( 1 ) / ( 2 ) = (LIST REFLECTIONS ON THE LAST C YCLE ) / < EVER Y CYCLE)/(DO 

NOT LIST) = (LAST)/(ALI >/(NO) 

4 1 ( 0 ) / ( 1 ) / ( 2 ) = (DO NOT PUNCH NEW PARAMETER CARDS)/ (ONLY ON THE LAST 

CYCLE) /(ON EVERY CYCLE! = ( NO) / (LAST > /( YES ) 

43 ( 0 ) / < 1 ) / ( 2 ) = (NO PARTIAL CONTP IBUTlON) /( APPLY THE PARTIAL 

CONTRIbUT ION ) / ( EST ABLISH AND APPLY) = ( NO ) / ( APL Y ) / ( E+A ) 

45 ( 0 ) / ( 1 ) = <UO NOT SAVE THE CORRELATION MATRIX ON =NF ILEE= ) / ( DO ) = 

(NO /(YES) 

REFLECTION SKIP FACTOR. N, CONSIDER ONLY ONE IN EACH N REFLECTIONS. 


47 
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N CAN HAVE a VALUE IN 1 HE RANGE 0 THROUGH 9 1 0 OR 1 MEANS CONSIDER. 
EVERY REFLECTION) 

49 (0)/(l) = (CONTRIBUTE ONLY THOSE LESS-THAN REFLECTIONS WHICH CALCULATE 

GREATER THAN THE OBSERVED) /(DO NOT CONTRIBUTE ANY LESS-THAN 
REFLECTIONS) = ( GRTR ) / ( NO ) 

51 (0)/(l)/(2)/(3)/(4) = (DO MOT TYPE REFLECTIONS AS 03SERVEDS OR LESS- 

THANS)/(TYPtfBASED ON SIGMA F, BUT DO NOT ALTER THE SINARY DATA FILE)/ 
(TYPEr 8 ASEU ON SIGMA P, BUT At TER THE BINARY DATA FILE)/ 

(LIKE 1 HUT BASED ON SIGMA I) / (LIKE 2 BUT BASED ON SIGMA I) 

= ( NO) / ( YES-SIGMA F)/(SAVE-SIGMA F )/( YES-SIGMA I )/( SAVE-SIGMA I) 

**** NOTE-DONE IN CONJUNCTION WITH CyTOFF PARAMETER IN COLUMNS 76-80 OF 
THIS CARD. 

61-6s DAMPING OR ENHANCING FACTOR FOP PARAMETER SHIFTS ( PLANK OR 0.0 = 1.0) 
66-70 DO NOV CONTRIBUTE A REt-LECTION TO THE MATRIX IF ITS WElGHTEO DELTA-F IS 
LARGER THAN THIS QUANTITY ( BLANK = lo** 8 > 

71-7=; REJECTION PARAMETER (SET COLUMNS 30-31) (BlANK = 2.0) 

76-60 CUTOFF PARAMETER (MINIMUM NUMBER OF SIGMAS REQUIRED FOR CLASSIFYING 
A REFLECTION AS 08SER Vfc.D ) (SEE COLUMNS 50-51) 

SCALE - SCALE CARD FOR F RELATIVE DATA. 

Format (A2*A4.fio.4»I4> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 SCALE 
6 BLANK 

7- 16 SCALE FACTOR TO APPLY TO F RELATIVE 
17-2 3 GROUP IDENTIFICATION (1-64) 

GROUP - GROUP REFINEMENT 

format <A 2 » al, ix, A«*>A 2.2x.3is) 

COLS SPECIFIED PUNCHING OK FUNCTION OE THE FIELD 
1-5 GROUP 

6-15 ATOM IDENTIFICATION OF LEADING ATOM, 

16-2p TEMPERATURE FACTOR TYPE. (C/1) FOR ( OVSL/ISOTROPIC ) 

21-25 NUMBER OF A I QMS IN THE GROUP 

26-3o J0/1/N) = (UROUP/FIRST I DMOL/N-TH ID.MOL) 

***** NOTE — MEMBERS Or A GROUP OR AN IDENTICAL MOLECULE SHOULD FOLLOW 
IMMEDIATELY AFTER THE LEADING ATOM. ***** 

IDMOL - IDENTICAL MOLECULE RFFINEMENT 

Format (a. 2 * a4» ix, a4»a2,2x.3I5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

8- 13 ATOM IDENTIFICATION OF LEADING ATOM. 

16-20 TEMPERATURE' FACTOR TYPf . (0/1) FOR ( O VRL/ I SOTROP I C ) 

21-25 NUMBER OF A IOMS IN THE GRO'JP 

26-3q (0/1/N) = (GROUP/FIRST IDMOL/N-TH I DMOL ) 

***** SEE NOTE AT = 6 R 0 UP= ABovE= ***** 

EXTINC - ISOTROPIC EXTINCTION CORRECTION 

Format (A2»A4,eio.3> 
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COLS SPEC IF ISO PUNCHING OR (-UNCTION CF y HE FIELD 
1-6 EXTINC 

7-16 AS X.XXXXE-NN WHERE X.*XXX IS THE MANTISSA, E AND - ARE REQUIRED 

AND NN IS THE POWER OF 10 TO CHARACTERIZE THE NUMBER. SEE LARSON, 
OTT Ay, A CRYS I ALLOGRAPHS COMPUTING CONFERENCE, 1969. A STARTING 
VALUE OF 0.U IS USUALLY ACCEPTABLE, 

MAXHKL - LIMITS FOR DATA SET FnR THIS RUN ONLY, 

Format iA2, A4,/x,3i4,2Fb.“) 

COLS SPEC IF IEU PUNCHING OR FUNCTION OF THE FIELD 

1-6 MAXMKL 

14-17 MAXIMUM H TO bE USED 
16-21 MAXIMUM K TO BE USED 
22-2 5 MAXIMUM L TO BE USED 

26-33 MAXIMUM S 1 N ( THET A ) /LAMBDA (BLANK = 0.7) 

34-41 MINIMUM SIN (THETA J/LAMHDA (BLANK = 0.0) 


ATOM - ATOM SELECIION CARD. 

- format (A2,a4,ix,a4,a2) 

COLS SPECIFIED PUNCHING OH FUNCTION OF y H£ FIELD 
1-4 ATOM 
5-6 BLANK 

8-13 ATOM IDENTIFICATION (SEE l.GENFRL) 

BLOCK - MATRIX blocking CARD. BLOCK THE MATRIX PRIOR TO THE FIRST PARAMETER 
OF THIS AIOM. 

Format ( A k* A4, ix, A4 ,A2> 


COLS SPECIFIED PUNCHING OR FUNCTION OP T HE FIELD 
1-5 BLOCK 
6 BLANK 

8-13 ATOM IDENTIFICATION (SEE l.GENFRL) 

REF OR NOREF - SET PARAMETER REFINEMENT IF IT IS TO BE DIFFERENT FROM THAT 
ALREADY SE' IN THE UATA file. 

Format <A2.a4,ix,A4.A2*13«3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF y HE FIELD 
1-5 REF OR NOREF 
6 BLANK 

8-13 ATOM IDENTIFICATION (SFE l.GENFRL). IF BLANK, THE CARD APPLIES TO 

ALL ATOMS. IF ONLY ATOM. TYPE IS GIVEN, THE CARD APPLIES TO ALL ATOMS 
Or THE GIVEN TYPE. 

NOTE - IF COLS 14-52 ARE BLANK IN THE CASE OP THE =NOREF= CARD, ALL PARAMETERS 
FOR THF INDICATED AIOM OR ATOM5 WILL BE HELD INVARIANT 

14-16 EACH FIELD MAY CONTAIN BLANKS OR ONE OF THE FOLLOWING LEFT JUSTIFIED 
SYMBOLS. 

* SCL SCALE FACTOR 

* UOV OVERALL TEMPERATURE FACTOR 

* E EXTINCTION PARAMETER 
X 

Y 

Z 
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PP POPULATION PARAMETER 

SC T NEUTRON SCATTERING FACTOR 

DPR REAL DISPERSION PARAMETER 

DPI IMAGINARY DISPERSION PARAMETER 

U ISOTROPIC TEMPERATURE FACTOR 

U1 1 

U22 

U33 

U12 

U13 

U23 

* THESE CARDS MUST HAVE =GNRt_= IN COLUMNS 8-11 (EXCEPT THE UCV WHEN USED 
IN THE MIXEU TEMPERATURE FACTOR MODE TO CORRECT A PARTICULAR ATOM TO 
THE OVERALL MODE). 

17-lq , 20-22* 23-25* 26-28, 29-31, 32-34, 35-37, 38-40, 41-43* 44-46, 47-49, 

50- 52 (SYMBOL PROM ABOVE LIST) 

NOTE - WHILE IN THE MIXED TEMPERATURE FACTOR MODE, THE T, F. MODE OF REFINEMENT 
POR ANY ATOM MAY BE ALTERED VI" A =REFr CARD (E.G., THE CONVERSION FROM 
ANISOTROPIC TO ISOTROPIC IS ACCOMPLISHED By INCLUDING A =REF= CARD CONTAINING 
A U FOR THE PARTICULAR ATOM). 

CONSTR - IMPOSE A CONSTRAINT BETWEEN THE SPECIFIED PARAMETERS. THE CONSTRAIN- 
ING EQUATION IS — 

P(SUH) = F*P<HEM T S 

WHERE P AND S ARE FLOATING POINT NUMBERS j P(SUB) IS THE SUBJECT 
PARAMETER * AND P(REF) IS THE REFERENCE PARAMETER 
FoRMAT(A2,A4,lX,A4,A2,lX,n4,A2,2A3*4x',2Fl0.2> 

COLS SPECIFIED PUNCHING OR FUNCTION OP THE FIELD 
1-6 CONSTR 

8-13 ATOM IDENTIFICATION (SEE l.GENFRL) OF SUBJECT ATOM 

15- 20 atom IDENTIFICATION (S-E l.GENFRL) OF REFERENCE ATOM 
21-2-* PARAMETER OF SUBJECT ATOM (SEE =ft£F=/=NOREF= ) 

24-2/, PARAMETER OP REFERENCE ATOM (SEP =REFs/=NOREF= ) 

31-40 F FOR CONSTRAINING EQUATION 

4i-5o s for constraining equation 

SPEC I A - SPECIAL POSITION CARO. ONE NEEDED FOR EACH ATOM IN A SPECIAL POSITION 
FORMAT (A2,A4, 1 A, A4,A2»2X,«(r 4.0, Al) ,F5.0) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

i-6 SPEC I A 

8-13 ATOM IDENTIFICATION (SP-E l.GFNERL) 

14-1« BLANK 

16- 20 X SECTION (bEE NOTE 1 BELOW) 

21-25 Y SECTION (bEE NOTE 1 RELCW) 

26-30 Z SECTION (bEE NOTE 1 HELOW) 

31-35 Ull SECTION (SEE NOTE 1 BELOW) 

36-40 U22. SECTION (SEE NOTE 1. BELOW) 

41-45 U33 SECTION i SEE NOTE 1 BELOW) 

46-50 U12 SECTION ( SEE NOTE 1 BELOW) 

51- 55 U13 SECTION (SEE NOTE 1 BELOW) 

55-60 U23 SECTION (SEE NOTE t BELOW) 

61-65 THE POSITION MULTIPLICITY 
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NOT£ 1 - THESE NINE double FIELDS ARE used For SPECIFYING the SPECIAL position, 
each UOU«LE FIELD requires five COLUMNS <F4.0»A1). the first 
FIELD POSSIBLE CONTAINS A NUMBER AnO THE SECOND A LETTER OR ZERO. 
CONSIDER THt SPECIAL POSITION X, 2X. 1/4 FROM VOL I OF THE INT. 

TABLES. THIS RESTRICTION ON REFINEMENT IS ENTERED IN THE FOLLOWING 
WAY 

COLUMN 1 1 1 122 2' 22282223 
678901234567890 
X 2 X I 

WHERE I IS USED TO STIMULATE THAT THE SPECIFIED PARAMETER IS TO BE HELD 
INVARIANT. IF A PARAME IER IS TO BE ZERO AND ALSO HELO INVARIANT, A ZERO 
IS PLACED IN the SECOND FIELD. **NOTE** at LEAST ONE SOCIAL POSITION 
PARAMETER MUST BE PREFIXED HY A ONE OR A BLANK, 

SPECIAL POSITION CONSTRAINTS on the anisotropic temperature factor 
PARAMETERS are entered in the SAME WAY WITH THE EXCEPTION THAT TH£ 

X IS REPLACED BY 'A* A’-’D/OR ’13’. IF Ull IS TO BE EQuAl. TO U22 , Ul3 IS 
TO BE EQUAL TO U23 * AN” U12 IS TO BE SET EQUAL TO ZERO, THE FOLLOWING 
WOULD 8£ ENIERED INTO COLUMNS .71 THR0U6H 60 — 

COLUMNS 333333733444444444455555555556 
123456789012345678901234567890 

A A 0 B B 


♦ ♦NOTE** WHEN SPECIAL POSIT IONS ARE PRESENT » THE CORRECT DERIVATIVES ARE 
CALCULATED FOR THE SPECIAL POSITION PARAMETERS. 

DISPER - TEMPLETON DISPERSION CORRECTION CARD. 

Format <A2»A4,ix,A4,2X.2Fm,3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-6 DISPER 

8-11 ATOM TYPE OEE l.GENERU 

14-2i DELTA FJ PRIME 

22-20 DELTA FJ DOUBLE PRIME 

RELEAS - RELEASE ALL CONSTRAINTS READ FROM ThE BINARY DATA FILE ON A PARTICULAR 
ATOM. 

FoRMAT( A2, A«. ix, A4.A2) 

COLS SPECIFIED PUNCHING OR a UNCTION OF THE FIELD 
8-13 ATOM IDENTIFICATION <SFE l.GENFRL) 


ENO - END CARO. 

Format (A2*A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CApD OROER SUMMARY FOR =DATC05= PROGRAM 


0ATC05 

SYmTRY 


*sysabs 


PROGRAM CALLING CARD 

GENERAL EQUIVALENT POSITIONS FOR LAUE GROUP. ONE CARD PER 
OPERA! ION EXPRESSED IN TERMS OF X, Y, Z MUST BE SUPPLIED. 
INCLUDE -X. -Y» -Z OPERATIONS IF FRIEDEL*S LAW PAIRS ARE TO BE 

averaged. 

INDICATE SYSTEMATIC ABSENCES 


*ATTENU SET VALUES FOR AUTOMATIC ATTENUATORS (NOT OPTIONAL WHEN 
ATTENUATORS ARE "SEO) 

PROCES INDICATES DIFFRACTOMETER TYPE AND NUMBER OF REFLECTIONS TO 
PROCESS 


END END CARD 


* THESE CARDS ARE OPTIONAL 


***** OPTIONALLY PUNCHES CARDS ON =NFILEC= (SEE COLS 14-15 OF rDATC03= CARD) ** 
***** =NFILEF= ... DIFFRACTOMETER DATA TAPE (INPUT) 

***** =NFILEI= ... =HKL= CARD IMAGE OUTPUT (SUITABLE FOR rDATRONs INPUT) 

***** =NFILEE= AND =NFILEG= ... SCRATCH FIlES 
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H. CAPO FORMATS FOK =0ATC05= f>roGRAM. 


OPERATION CAROS ARE DESCRIBED TN SECTION 2.GENERL-A. AND THEIR FORMATS ARE 
GIVEN in SECTION 2.GENERL-8. THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

0ATC05 - PROGRAM CALLING CARO. 

FORMAT <A2,A4,1X,A2.A4,I2.4F5.2.1X,A1, 12 , 31 1 , 3X , 1 2 * 3F4 . 1 , 1 1 , F 6 . 0 * 

* F4.0. l2.F3.lrI2.2Il) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 -DATC05 

6-13 COMPOUND IDENTIFICATION' CODE 

14-15 ( 0 ) / ( 1 ) / < 2 ) FOR (NO SPECIAL REFLECTION OUTPUT)/ 

(PUNCH =HKL= CARDS ON =NFILEC=)/ 

(WRITE =HKL= CARD IMAGES ON =NFlLEI=> 

16-20 NUMBER OF S • ANOARD DEVIATIONS ABOVE BACKGROUND TO DEFINE CLEARLY 
OBSERVED REFLECTIONS ('-'LANK = ^.O) 

21-25 X CONTROL PARAMETERS FOR CALCULATION OF SIGMA(i). SEE 1.DATC05 
26-30 N FOR DEFINITIONS. 

31-35 NUMBER OF S I ANDARO DEVIATIONS BETWEEN THE VALUES OF THE FIRST AND 
SECOND BACKGROUND WHICH SHOULD BE FLAGGED ON THE OUTPUT LISTING 
(BLANK = 10.0) 

37 CHARACTER TO DELIMIT. COUNTING STATISTICS ON GRAPHS OF STANDARDS 

41 ( 1 > / ( 2 ) / < 3 ) (-OR H I NOE* VARIES <MOsT)/(NEXT MOST )/( LEAST ) RAPIDLY 

42 SORTING FKEUUENCY FOR K INDEX 

43 SORTING FREQUENCY FOR I. INDEX 
46-47 LAUE GROUP INDICATOR 


1 

1 

BAH 

(ALTERNATE 

1 ) 




HKL 

— — H • GE , 0 . 

OKL — K.GE.O, 

OOL — L.GE.O 

2 

1 

BAR 

(ALTERNATE 

2 ) 




HKL 

— K.GE.O. 

HOL — L.GE.O, 

H00 — H.GE.O 

3 

1 

BAR 

(ALTERNATE 

3) 




HKL 

— L.GE.O. 

HKO — H.GE.O. 

0K0 — K.GE.O 


4 2/ m (ALTERNATE 1) 

HKL — K.GE.O ®NO L.GE.Or HKO — H.GE.O 

5 2/M (ALTERNATE 2) 

HKL — H.GE.O "NO K.GE.O, 0 *L — L.GE.O 

6 MMM 

HKL — H.GE.Or K.GE.Or AND L.GE.O 

7 4/M 

HKL — H.GE.O. L.GE.O. WITh K.GE.O IF H.EO.O OR K.GE.l IF 
H.G I .0 

8 4 /MMM 

HKL — H.GE.O. K.GE.O. L.GE.O WITH H.GE.K 

9 3 BAR 
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HKL — H.GE.O, L.GE.O, WITH K.GE.O IF H.GE.O OR K.GE.l IF 
H.GI.O, HKO — K.GT.H 

10 3 WAR M 

HKL — H.GE.O. L.GE.O, WITH H.GE.-K IF K.lE.O GR H.GE.2K IF 

K. GI ,0. HKO — K.GE.O 

11 6/M 

HKL — H.GE.O, L.GE.O, AND K.GE.O WITH K.EQ.O IF H.EQ.O OR 
H.GI .K IF H.GT.O 

12 6/MMM 

HKL — H.GE.O, K.GE.O, AND L.GE.O WITH H.GE.2K 

13 M3 

H.GE.O, K.GE.O, AND L.GE.O WITH L.GE.H AND WITH K.GE.H IF 

L. EU.H OR K.GT.H IE L.GT.H 

14 M3M 

HKL — H.GE.O, K.GE.O, AND L.GE.O WITH K.GE.L AND L.GE.H 
48-5t NUMBER OF TEN THOUSANDS OF OECACOUnTS WHICH SHOULD CAUSE A REFLECTION 
TO BE FLAGGED AS CUT Of- - HOUNDS <l.f. BEYOND REASONABLE KNOWN MAXIMUM 
INTENSITY) (BLANK = 10.0) 

52-55 NUMBER OF COUNTING STATISTIC STANDARD DEVIATIONS BETWEEN A PAIR CF 
MEASUREMENTS OF A SiNC-iE REFLECTION THAT SHOULD CAUSE ACCEPTANCE OF 
THE HIGHER VALUE INSTEAD OF ACCEPTANCE OF THE AVERAGE VALUE OF THE TWO 
(BLANK = 5.U) 

56-59 NUMBER OF CALCULATED STANDARD DEVIATIONS FROM THE MEAN TO CAUSE 

REJECTION Of SOME OR A GROUP OF 3 OR MORE MEASURED INTENSITIES OF THE 
SAME KEFLEC I ION (BLANK = 3.0) 

76 ( 0 ) / ( 1 ! / 1 2 ) FOR (LIST ALL REFLECTION INFORMATION) /( LIST ONLY SORTED 

AVERAGED REFLECT IONS )/( L I ST NO REFLECTIONS) 

79 (0)/(l! FOR (AUTOMATIC) /(NON-AUTOMATIC) AJuSTMENT REQUIRED FOR DRIFT 

IN STANDARD REFLECTIONS 

SYVTRY - CARDS TO GIVE SYMMETRY OPERATIONS OF LAUE GROUP. 

NOTE- 1NCLUUE BOTH X, Y, Z AND -X, -y, “2 IF FRIEDEL'S LAW PAIRS ARE 
TO BE AVERAGED. 

Format :i at as, *4)) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-6 SYMTRY 

7- 72 GENERAL EQUIVALENT POSITION, THE ? YMM£TRy OF THE SPACF GROUP IS 

INDICATED t!T SUPPLYING THE SET OF GENERAL EQUIVALENT POSITIONS. EACH 
EQUIVALENT PCS I T ION IS SPECIFIED On A SEPARATE SymTRY CARD, A SIMPLE 
RULE iS THAI ANY GENERAL EQUIVALENT POSITION IN THE INTERNATIONAL 
TABLES MAY HE WRITTEN VERBATIM WITH THE FOLLOWING CONVENTIONS, 

(1) MINUS SIGNS PHECFDE THE NEGATIVE QUANTITY, E.G. -X FOR X-SAR 

(2) FRACTIONS ARt WRITTEN WITH THE SLASH, E.G. 1/2 FOR ONE-HALF 

(3) BLANKS ARE 1GNORFD. 

NOTE.. 1/2-X OR -X+l/2 ARE BOTH ACCEPTABLE FORMATS. 

SYSABS - SYSTEMATIC ABSENCES C^-RD. 

format t *2 , ah , ix, A2» a 4 ,7x.23H ) 

COLS SPECIFIED PUNCHING OK FUNCTION OF THE FIELD 
1-6 SYSABS 

8- 13 COMPOUND IOtNTIFICATlOM CODE 

21-43 VALUE OF ’X’ FOR APPLICATION OF SYSTEMATIC ABSENCES TEST. ONLY THOSE 
COLUMNS CORRESPONDING TO TESTS TO pE APPLIED SHOULD BE NON-ZERO. 

HKL ABSENT IF H+K=XN+1 


21 
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22 HKL ABSENT IF H+L=XN+1 

23 HKL AbSENT IF K-t-L = XN+l 

24 HKL ABSENT IF ALL H+K, H+L, K+L=XN+1 

25 HKL ABSENT IF H+K+L=XN+1 

26 HKL ABSENT IF -H+K+L=XN+1 

27 HHL ABSENT IF H=XN+1 

2« HHL ABSENT IF L=XN+1 

29 HHL ABSENT IF H+L=XN+1 

30 HHL ABSENT IF 2H+L=XN+1 

31 OKL ABSENT IF KrXN-t-1 

32 OKL ABSENT IF L=XN+1 

33 OKL ABSENT IF K+L=XN+1 

34 HOL ABSENT IF HrXN+1 

35 HOL ABSENT If L=XN+1 

36 HOL ABSENT IF H+l=XN+1 

37 HKO ABSENT IF H=XN+1 

30 HKO ABSENT IF K=XN+1 

39 HKO ABSENT IF H+KrXN+1 

40 HHO ABSENT IF H=XN+1 

41 HOO ABSENT IF HrXN+1 

42 OKO Absent if KrXN+l 

43 OOL ABSENT IF L=XN+1 

AT7ENU - ATTENU CAKU. 

F c .RMAT (A2 i A4,4X,9F7.U) 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-6 - ATTENU 

H-I7 ATTENUATOR FACTOR 1 (ATTENUATOR FACTOR ZERO IMPLIES NO ATTENUATOR) 

(I.E. l.C) 

ia—2u ATTENUATOR TACTOR 2 

25- 3! ATTENUATOR F AC TOR 3 NOTE - THE FIRST ATtENUA T 0R DOES NOT 

32-3p ATTENUATOR F ACTOR 4 REFER TO THE OPEN SLOT AND THUS IT MUST 

39-45 ATTENUATOR FACTOR 5 NOT BE 1,0. 

46-52 ATTENUATOR FACTOR 6 

53-59 ATTENUATOR FACTOR 7 

60-66 ATTENUATOR FACTOR 8 

67-73 ATTENUATOR i-ACTOR 9 

PROCES - DIFFRACTOMtTER IDENTIFICATION CARO. 

FORMAT (A2,A4,3X,H,I5,4X.I1,5X,F5.0,3I5,F10.5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 6 PROCES 

10 ( 1 ) / ( 2 ) / ( 3 ) FOR (PICKED WITH G. LENHERT MAGNETIC TAPE FORMAT)/ 

(PICKED WITH OLD MAGNETIC TAPE FORMAT)/ 

(SIEMENS MAGNETIC TARE) 

II- 1r EXTERNAL REFLECTION SEQUENCE NUMBER TO INDICATE NUMBER OF REFLECTIONS 

TO PROCESS IbLANK INDICATES WHOLE FILE) 

20 <BLANK)/(1) FOR (NO PR I N'T ) / ( PR 1 NT ) INPUT IMAGES 

26- 30 TIME SECONOb FOR BACKGROUND (TIME oE ONE BACKGROUND) 

31-35 EXTERNAL REFLECTION NUMBER TO BEGIN DELETION OF REFLECTIONS 
36-40 EXTERNAL REFLECTION NUMBER TO END DELETION OF REFLECTIONS 
41-45 NUMBER OF INPUT DATA FILES (BLANK = 1, USUAL VALUE) 
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46-55 MINIMUM REFLECTION SCAN TIME IN SEcONOS (IF THE RECORDED REFLECTION 

SCAN TIME IS LESS THAN THIS QUANTITY » THE REFLECTION WILL BE REJECTED) 

END - END CARD, 

format (A2»a4> 

COLS SPECIFIED PUNCHING OR ^UNCTION OF T HE FIELD 
1-3 END 
4-6 BLANK 
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A. CARD order SUMMARY FOR =DATRUN= PROGRAM 


UATrDN 
♦LABEL 
CELL 
♦CELLSO 
♦MAXHKL 
FORME X 

(Or ) 
FCRMFN 
(OR) 
FOR MON 

L AT ICE 

SYMTKY 

♦U1SPER 
♦GRID • 


CONDI T 


PROGRAM CALLING CARH 

FILE IDENTIFICATION INFORMATION 

UNIT CELL PARAMETERS 

STANDARD DEVIATION OF UNTT CELL PARAMETERS 
ESTABLISHES LIMITS on H, K, L, r, 1 * SIN THETA 

ATOMIC SCATTERING FACTORS FOR X-RAYS. GROUPED BY ATOM TYPE 
BY INCREASING (SIN THETA ) /LAMBDA (AT LEAST 10 AND NO MOKE THAN 
40 ENTRIES PER ATOM TYPE). 

ATOMIC SCATTERING FACTORS for n.-utrons 


GENERATION OF ATOMIC SCATTERING FACTORS FOR X-qAYS 

specifies centrosym^'Etry and la t tice type 

symmetry operations for the spa c e group, up to 4e allowed. 

MUSI HAVE. AT LEAST ONE rSYMTRY- CARD (I.E. X,Y,Z) 


TEMPLETON DISPERSION CORRECTION ; ONE HER ATOM T yPE ) 

ONE MAY SPECIFY A DESIRED GRID INTERVAL TO 3E USED LATER 
BY THE FOURIER PROGRAM. IF IT IS LEFT OUT THE DATA 
REDUCTION PROGRAM CALCULATES A SET OF INTERVALS BASED 
UPON THE CELL 01 MENA IONS 


CONDITION CARO TO KEY CALCULATIONS 


FROM THIS POINT ONWARD, THE CARD ORDER IS DETERMINED 8y THE DATA 
UNDER CONSIDERATION (I.E. DEAlER’S CHOICE) AND CARDS WITH THE FOLLOWING 
DESIGNATIONS ARE PERMITTED... 


♦ABSBON BOND ABSORPTION CORRECTIONS (MUST BE GROUPED FOR EACH 

DIFFERENI CRYSTAL 0« LEVEL RY PLACING IMMEDIATELY PRIOR TO 
REFLECTION OF THAT LEVEL) 
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*SCAlE SUPPLIES ERROR, WEIGHTING, AND scaling data 

♦CONDIT SETS UP CODES BASED ON CAMERA TyPE CALCULATIONS TO BE PERFORMED 

♦FORMAT ACTUAL FORMAT FOR UNUSUAL REFLECTION INPUT 

♦REFIN INSTRUCTION CARD FOR UNUSUAL REFLECTION INPUT 

♦ ENOOBS SIGNALS I HAT REFLECTIONS WHICH FOLLOW ARE SYSTEMATICALLY 
ABSENT. ONLY reouiwed when A SHARPENED origin-removed 
PATTERSON (VECTOR MAP) IS TO BE CALCULATED 


IF REFLECTIONS AFTER =END08S= CARD ARE IN A DIFFERENT FORMAT FROM 
THE ONES PRECEDING, THEN =C0NUIT= AND/OR =F0RMAT= CARDS WILL BE 
NECESSARY. 


♦REFIN USE THE =R£FIN= CARn WITH CARE. THE SPECIAL REFLECTION DECK 
SPECIFIED MUST FOLLOW NEXT AFTER THE =REFIN= CARD OR CONTROL 
WILL BE LOST 

♦HKL reflection CARDS 

ENO ENO CARO 


* THEsE CARDS ARE OPTIONAL 


THE FACT THAT THt VARIOUS C«RDS CAN BE OPTIONALLY USED AT ANY TIME 
PERMITS CHANGES IN SCALE, ABSORPTION CORRECTIONS, OR EVEN CONDITIONS 
(E.G, WEISSENBERG, PRECESSION, ETC.) DURING THE COURSE OF THE PROCESSING 
OF REFLECTION CARDS 


♦♦**♦ OPTIONALLY READS =NFILEA= (SEE COLS j5 AND 19 OF =DATRDN= CARD) ♦***♦ 
♦♦♦♦♦ WRITES =NFILEB= ♦♦*♦♦ 

♦ ♦♦♦OPTIONALLY READS =NFILEl= (SEE COLS 6-9 OF =REFIN= CARD)*^* 
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b, card FORMATS FOK rDATRDN= PROGRAM 


OPERATION CARDS ARE DESCRIBED IN SECTION 2 . GENERL-A » AND THEIR FORMATS ARE 

GIVEN IN SECTION 2.GENERL-B. THE POSITIONING OF THESE CARDS Is DICTATED BY 

THEIR FUNCTION. 

DATHDN - CALLING CARD FOR DATA REDUCTION PROGRAM. 

Format <A2>A4.ix,A2.m4.5I2> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 DATRON 

3-13 SIX COLUMNS OF HOLLERITH PUNCHING oR BLANKS TO IDFMTlFy COMPOUND — 
THIS IDENTIFICATION IS CHECKED BY VARIOUS PROGRAMS FOR CONSISTENCY. 

SO CHOOSE CAREFULLY ANi' REMEMBER YOUR CHOICE. TAKE GREAT CARE TO 
LOCATE BLANKS IN THE S«ME way every SUCCEEDING TIME THE COMPOUND 1,0, 
IS PUNCHED. 

14-15 <OLANK)/(l) ( no ) / ( YES ) AN OLD UAjA FILE CN =NF I lE A r 
16-17 (BLANK ) / 1 1 ! (DC)/(UO r '’OT) LIST REFLECTION INFORMATION 
18-la ( BLANK ) / ( 1 ) (DO NOT ) / (DO ) EXPECT TO EDIT REFLECTIONS (FORCES THE 
NEED FOR PREVIOUS DATA FILE ON =NFlLEA=> 

20-21 MAXIMUM NUMBER OF SCALP GROUPS IF mORE THAN 1 (UP TO 64 ALLOWED) 

THIS NUMBER SPECIFIES THE TOTAL NUvBEft TO BE SUPPLIED. EACH SCALE 
CARD MUST HAVE A UNIGUE NUMBER IN cOL. 20 LESS THAN OR EQUAL TO THIS: 
NUMBER. USUALLY USEU FOR LAYERED f I LM DATA WHERE CROSS SCALING IS NOT 
KNOWN. 

22-23 NOT YtT USEU 

LABEL - FILE LABELING CARD. USED TO IDENTIFY BINARY DATA FILE. 

Format (a2.a4,i6A4> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 LABEL 
6 BLANK 

7-70 ALPHANUMERIC INFORMATION TO BE USED AS FILE LABEL 

CELL - CELL CONSTANT CARD. 

FqRMAT (A2.A4»i.X,A2,A4,3FM.3,3F9.5.F7,0) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-4 CELL 
5-6 BLANK 

3-13 COMPOUND IDENTIFICATION CODE 

14-21 A CELL DIMENSION OR Aw RECIPROCAL CELL DIMENSION 

22-29 B CF-Ll DIMENSION OR b* RECIPROCAL CELL DIMENSION 

30-37 C CELL DIMENSION OR C* RECIPROCAL CELL DIMENSION 

38-46 COS ALPHA 0« ALPHA IN t'EGREES OR CoS ALPHA* OR ALPHA* IN DEGREES 
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47-55 COS BETA OR BETA IN DECREES OR COS BETA* OR BETA* IN DEGREES 
56-64 COS GAMMA OK GAMMA IN DEGREES OR COS GAMMA* OR GAm.MA* IN DEGREES 
65-71 F ( 0 * 0 * 0 ) 

NOTE... QUANTITIES MUST BE EITHER ALL IN DIRECT SPACE OR' ALL IN 
RECIPROCAL. SPACE. ANGLES MUST *ALL* BE GIVEN AS EITHER 
COSINES OR IN i'EGREES. 

CELLSD - STANDARD DEVIATION OF UNIT CELL PARAMETERS. 

Format <A2» a 4, ix,A2,A4,3Ffl.3, 3 F 9 . 5 ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 CELLSD 

8-13 COMPOUND IDENTIFICATION CODE 

14-21 STANDARD DEVIATION IN A CELL DIMENSION (ANGSTROMS) 

22-2q STANDARD DEVIATION IN h CELL DIMENSION (ANGSTROMS) 

30-37 STANDARD DEVIATION IN C CELL DIMENSION (ANGSTROMS) 

33- 46 STANDARD DEVIATION IN COS ALPHA CELL DIMENSION 

47-55 STANDARD DEVIATION IN COS BETA CELL DIMENSION 

56-64 STANDARD DEVIATION IN COS GAMMA CElL DIMENSION 

MAXHKL - LIMITS FOR FOURIER SUMMATION, 
format (A2*A4* /x,3I4*2F8,u) 

COLS SPECIFIED PUNCHING OR FUNCTION OF fHE FIELD 
1-6 MAXHKL 

14-17 MAXIMUM H TO BE USED 

13- 21 MAXIMUM K TU BE USED 
22-25 MAXIMUM L TU BE USED 

26-33 MAXIMUM SIN (THETA ) /LAMBDA (BLANK = 0.7> 

34 - 4! MINIMUM SIN I THETA ) /LAMBDA (BLANK r 0 . 0 > 

FORMFX - ATOMIC SCA I TER ING FACTORS FOR X-RaYS, 

FORMAT < A2, A4» IX, A4,2X.F7.5,F8.3, 1 0A4) 

. COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 FORMFX 

8-11 ONE TO FOUR CHARACTERS TO IDENTIFY THE ATOM TYPE. TO AVOID ERRORS 
LEFT JUSTIFICATION IS RECOMMENDED (SEE l.GENERL) 

14- 20 5IN(THETA)/LAMBDA 
21-28 ATOMIC SCAT I ERING FACTOR 

20- 68 SOURCE REFERENCE CONTINUED FROM CArD TO CARD 

FORMFN - ATOMIC SCA I TER ING FACTORS FOR NEUTRONS. 

FORMAT (A2,A4,1X,A4#2X»F7.5,F8.3,30A4) 

COLS SPECIFIED PUNCHING OK FUNCTION OF THE FIELD 
5,-6 FORMFN 

3-11 ONE TO FOUR CHARACTERS TO IDENTIFY THE ATOM TYPE, TO AVOID ERRORS 
LEFT JUSTIFICATION IS RECCMMENUED (SEE l.GENERL) 

21- 26 COHERENT ATOMIC SCATTERING FACTOR 
29-68 SOURCE REFERENCE 

FORMGN — CALCULATION OF ATOMIC SCATTERING FACTORS FOR XRAYS FROM NUMERICAL 
HARTREE-FOCK WAVE FUNCTIONS 
Format (A2»a4,ix,A4>2X.9F7,4) 
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COLS 

1-6 

6-11 

14-2f) 

21-27 

23-34 

35-41 

42-46 

40-55 

56-62 

65—69 

70-76 


SPECIFIED PUNCHING OK FUNCTION OF yHE FIELD 
FOPMGN 

one to FOUR CHARACTERS TO IDENTIFY the atom type (SEE I.GENERL). 


COEFFICIENT All) 
COEFFICIENT B(l) 
COEFFICIENT A ( 2 ) 
COEFFICIENT H(2) 
COEFFICIENT A<3) 
COEFFICIENT B ( 3 ) 
COEFFICIENT A ( 4 ) 
COEFFICIENT B(4) 


COEFFICIENT C 


THE COEFFICIENTS NEEDED IN COLUMNS 14-62 ARE THOSE SUPPLIED BY 
CROMER and MANN, ACTA CRYST. 11068). A24»321 

FOR ELEMENTS C, N, 0, P, S, CL, THE COEFFICIENTS ARE STORED BY THE 
PROGRAM AND COLUMNS 14-62 CAN 6£ LEFT BLANK IF THE ATOM TYPE IS 
SPECIFIED AS ONE OF THr. ABOVE (.EFT JUSTIFIED SYMBOLS. H OF STEWART ET. 
AL. IS ALSO STORED '.NOT GENERATED), 


LATIC2 - CENTRIC I TV XBEnTIF ICA t ION CARD. 
Format ( a .2 , a4 , 2x , ai * 2x , a t > 


COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
) -6 LATICE 

9 c = CENTRIC CELL > a = ACENTRIC CELL 

12 designation of lattice type p, i ,r,f,a,b,c one of the foregoing must 

be punched 

SYMTRY - SYMMETRY OPERATION CA'-'O. 

Format 1 * 2 , a4,66ai > 


cols 

1-6 

7-72 


SPECIFIED PUNCHING OR FUNCTION OF the field 

SYMTRY 


GENERAL EQUIVALENT POSITION, THE 
INDICATED by SUPPLYING the set Or 
ECU l VAi-ENT POSITION is SPECIFIED 


symmetry of THE SPACE group 

GENERAL ‘J U I V A L H 1 r'CSiTICN 1 !: 

iN A SEPARATE SYMTRy CARO. A 


;iMr 


RULE IS THAI any GENERAL ECU I VALEIJf POSITION IN THE INTERNATIONAL 
TABLES MAY »E WRITTEN VERBATIM WITH THE FOLLOWING CONVENTIONS, 

(1) MINUS SIGNS PKECtOE THE NEGATIVE QUANTITY* E.G, -X FOR X-EAR 

(2) FRACTIONS ARE WR f 7 TEN WITH THE SLASH, E.G. 1/2 FOR ONE-HALF 

(3) BLANKS AK£ IGNORED. 

NOTE.. 1/2-X OR -X+l/2 ARE BOTH ACCEPTABLE FORMATS. 


NOTE... DO NOT PUNCH A^Y OPERATION^ THROUGH THE CENTER IF SPACE GROUP 
IS COOED CENTRIC ON =LATICF= CARD. 

(SEE STATEMENT ON SYMMFTRY IN i.GEnERL) 

DISPER - TEMPLETON DISPERSION CORRECTION CARD. 

FORMAT ( A2 , A4 , 1 X , A4 , 2X » 2F4 , 3 ) 


COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 DISPER 
8-11 ATOM TYPE (SEE 


1 .GENERi-) 
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14-2l DELTA F J PR i ME 
22-2Q DELTA FJ DOUBLE PRIME 

GRID - FOURIER GRiU CARD. 
format <A2*A4, /x,3I4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-4 GRID 
5-6 BLANK 

14-17 NUMBER OF GRID INTERVALS ALONG THE X AXIAL DIRECTION 
1 fi-2 i GRID INTERVALS ALONG Y AXIAL DIRECTION 
22-25 GRIO INTERVALS ALONG 2 AXIAL DIRECTION 

CONDI T - CONDITION LARD. SETS-t'P CALCULATIONS CODES. 

Format <A2*a 4, /x,2Fa.5*8x*9i3,Fp.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 CONOIT 

14-21 WAVELENGTH IN angstrom units 

22-20 MAXIMUM VALUE OF SIN T^ETA FOR THE CONDITIONS OF OBSERVATION. THIS 

is tfiE accurate value of sin mu for the precession method. 

***BE PRECISE - USE THF TRUE EXPERIMENTAL MAXIMUM, NOT SIMPLY 1.0*** 
38-4 0 ( 1 ) / ( 2 ) (X-HAY)/(NEUTfON) DIFFRACTOMETER DATA 

41-43 1/LP SWITCH — 

1 - POwOER SPECTROMETER 

2 - SPLCTROMETFR WITH EULFRIAn CRADLE GEOMETRY AND TWO THETA SCAN 

3 - EOUl— I nCLIMATI ON WEISSENBERG 

4 - PROCESSION 
O - NORMAL beam 

6 - flat cone 

7 - EQUAL CONE 
d - OSCILLATION 

V - DO NOT APPLY " 1/LP CORRECTION , 

44-4e ( 1 ) / ( 2 ) FCK (D01/1U0 NOT) TAKE SQUARE ROOT OF INTENSITY 
47-49, 50-52* 53-=>5 MILLER INDICES OF THE PLANE NORMAL TO THE BEAM AXIS 
AT ZERO DEGREES MU. For THE PRECESSION METHOD, FOUR ABOVE. FOR 
3,5*6*? OR ABOVE THESE MUST BE THE GENERAL ROTATION AXIS DEFINED 
THE ROTATION AXIS. FOR EXAMPLE, CORRECTION FOR WEISSENBERG DATA FROM 
A CRYSTAL MOUNTE0 TO ROTATE ABOUT THE B CELL AXIS USE OlO. 

FOR EXAMPLE IN THE PRECESSION METHOD FOR A MONOCLINIC CRYSTAL - 

* * 

** * 010 plane 

* * * 

* * 

) * — * 

BEAM * H * * ** 

AXIS * ** 

** 


(E.G, IF BE«M IS C0M1NO ALONG 'B* AXIS* THEN THIS PLANE IS THE OlO 
PLANE) 
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56-5g, 59-61 » 62-64 MILLER INDICES OF T H E PLANE NORMAL TO THE 
SPINDLE AXIS. (NOT NEEDED FOR WEISSENBERG METHOD) 

FOR EXAMPLE IN THE PRECESSION METHOD - 




C* 

I 

I 

I 

*****.* .*** 


* ■* 
* . . ,* 
* . (-. 

* , . * 

* ) . * 
* / * 
* / * 


*/********* 


/ 

/ A* 

/ 

/ 

/ 


100 


/ 

/ 

/ SEAM 

/ < 8 * 


AXIS 


REFLECTION 


(PARENTHESES MEAN ROTA 1ION) 

PICK ONE OF THE HQL RECIPROCAL LATTICE POINTS ON THE MOST NEARLY 
HORIZONTAL AXIS PASSING THROUGH THE CENTER OF THE FILM (IN THIS CASE 
THE '00 REFLECTION ON THE A* AVIS) THE MILLER INDICES OF THE PLANE 
NORMAL TO a* are 100 - THE INDICES OF THAT POINT, 

***NOTF - the FOLLOWING FIELD “AS DIFFERENT FUNCTIONS DEPENDING UPON THE 
METHOD OF UAT A COLLECTION — 

65-7? A) FCR PRECESSION OP EDO'AL-CCNF METHODS 

SIGMA, THE ANGLE BETWEEN THE MOST NEARLY HORIZONTAL AXIS ,(A«), 

AMD THE HORIZONTAL OF THE FILM, MEASURED IN A RIGHT HANDED SYSTEM 
LOOKING ALONG THE X-HAv «£ A v, (FROM SOURCE TO CRYSTAL, CLOCKWISE IS 
POSITIVE ; 

65-7? B>. FOR SPEC IROMETER-MO'-OCHROMATOR ANGLE (IF IT IS ZERO, SAY SO) 

73-Sc LINEAR AHSOhFTICN COEFFICIENT IN Cv,**-1 (UMU) 

IF THIS VALUE Is NOT S"PPlIED, THE VALUE CF 76AR (AVERAGE PATHLENGTH 
THROUGH THE CRYSTAL) IS SET FQUAL JO 0.03 CM. OR TAKEN FROM THE HkL 
CAPO IF SUPPLIED THERE. IF UMU IS SUPPLIED HERE AND NO VALUE OF TBAR 
IS SUPPLIED ON THE HKL CARD, THAR IS CALCULATED A? — 

( ALOG ( ABSOKP ) /UMU ) + O.OGl 


CQNOIT - CONDITION CARD FOR CHANGE OF DATA, 

Format (A2.A4, /X,2Fa.5*8X,9I3,F6,5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 COMDIT 

14-72 PUNCH ONLY 1 HOSE COLUMNS FOR WHICH THERE IS A CHANGE OF DATA. 

LEAVE ALL Ol HER COLUMNS BLANK UNLESS CAMERA TYPE CHANGES IN WHICH 
CASE, PUNCH IN FULL 

ABSttON - ABSORPTION CORRECTION CARD - REQUIRES ONE FOR EACH ENTRY IN 
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TABLE (TOTAL = 19 C ARUS/LE VEL > . IN CYLINDRICAL CASE APPLIES ONLY 
TO WElSSENdERG GEOMETRY 

FqRMAK A2, A4, IX, I2,4X,F4.9»2X,F10.3) 

COLS SPECIFIED PUNCHING OK t-UNCTlON OF THE FIELD 
1-6 ABSORB 

P-9 ABSORPTION IYPE, (l>/<2) FOR (NO CORRECT 1 ON >/{ SPHERE OR CYLINDER) 
(1) IS USED TO CANCEL PREVIOUS TYPE IF NO CORRECTIONS ARE 
DESIRED FOR THE FOLLOWING SET OF DATA. 

14-17 TYRTA. THETA, OR UPSILON/2 (BUErGERS NOTATION). SEE 

W , L . BOND IN INTERNATIONAL TABLES, vOL 2, PP 291-306. USE TABLE 5.3.5B 
FOR CYLINDER <P 295-29") AND TABLE 5.3.6B FOR SPHERE (P 302-305). 

20- 29 ABSORPTION CORRECTION « S LISTED IN TABLE 

SCALE - SCALE CARD FOR INTENSITY DATA. 

Format <A 2 , au.fio, 4 . 14 , fio. 4 , 12 , 6F5.3) 

COLS SPECIFIED PUNCHING OR "UNCTION OF THE FIELD 
1-5 SCALE 

6 BLANK ' 

7-16 SCALE FACTOR TO APPLY TO INPUT INTENSITY, FKEL , OR FREL**2 
17-2o GROUP IDENTIFICATION I.E. NUMBER IN RANGE 01 TO 6» 

21- 72 MAY BE BLANK OR AS FOLLOWS 

21-30 MINIMUM OBSERVED INTENSITY (FOR FILM DATA) 

31-32 WEIGHT ROUTINE SWITCH (0 OR 1 ) / ( 2 ) / ! 3 ) / ( 4 ) (ALL WEIGHTS 1.0>/(APPlY 
U. OF W. WEIGHTING SCH" ME ) / UJSE COLS 50-54- OF =HKt.= CARD AS WEIGHT)/ 
(SET WEIGHT TO RECIPROCAL OF COLS. 50-54 OF =HKL= CARD) 

U. OF W. SCHEME IS (WFIGHT = Q1/AmAX 1 ( SIGMA , Q2*FREL+Q3 » Q4*FRELM+Q5 ) 
(REFER TO SUCTION l.UATRDN FOR DETAILED EXPLANATION OF NEXT SIX 
FIELDS) 

33-3? 01 i 

36-42 02 

4 3—4 7 Q5 

48-52 04 

53-57 05 

58-62 06 

FORMAT - DEFINES REFLECTION DATA. 

FORMAT (A2.18A4) 

COLS SPECIFIED PUNCHING OR "UNCTION OF tHE FIELD 
1-6 FORMAT 

7-72 THE FORMAT UF THE REFLECTION DATA, AS IN A STANDARD FORTRAN FORMAT, E.G. 
FORMAT ( A2, A4, IX , A4, A2» T 2,3I4,Fl 0.2.F10.4) WHICH IS SUPPLIED TO 
ACCOMMODATE X-RAY 63 REFLECTION DAfft FORMAT IF No =FORMAT= CARD 
IS READ. 

REFIN - INSTRUCTION CARD FOR UNUSUAL REFLECTION INPUT. 

Format (A2»A4,i3,2I6,3I3,14(lX»A2) ) 

COLS SPECIFIED PUNCHING OR "UNCTION OF jHE FIELD 
1-5 REF 1 N 

6 blank 

P-9 <0)/(l> FOR (REFLECTIONS ON CARDS )/( REFLECTIONS ON =NFlLEI=). NOTE, IF 

REFLECTIONS are READ F"OM =nfilei=, they must appear as card images. 

THE READING FROM =NFILFI= MUST BE TERMINATED BY A MAXIMUM NUMBER OF 
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REFLECTIONS OR A FINAL H» K, AND L. 

10-1 5 number OF REFLECTIONS TO SKIP HEFOrE PROCESSING FIRST reflection record 

16- 21 MAXIMUM NUMBER OF REFLECTIONS TO PrOCESS USING INFORMATION 

FOLLOWING THIS zKEFINz CARD 

22- 24 VALUE OF H FOR LAST REFLECTION 

25-27 VALUE OF K FOR LAST REFLECTION 

2S-3q VALUE OF L FOR LAST REFLECTION 

NOTE - THERE ARE TWU WAYS TO TERMINATE INp L J OF INFORMATION UNDER zREFINz 

CONTROL — THE NUMBER OF REFLECTIONS OR THp VALUES OF H, K, L FOR THE LAST 
REFLECTION. EITHER MAY t)E USEi' OR BOTH. IF BOTH ARE SPECIFIED THE FIRST TO 
BE SATISFIED WILL TERMINATE TREATMENT OF THAT REFLECTION GROUP. REMEMBER 
THAT THE NORMAL PROCESS OF CONTROL BY THE PUNCHING OF COLS. 1-6 (EXCEPT 
IN THE CASE OF =HKL= CARDS) IS LOST DURING zREFINz CONTROL. 

31-7? FOURTEEN FIELDS FOR SPECIFICATION'S OF REFLECTION DATA. 

THIS SERVES TO SPECIFY THE OROFR AND MODE (WHETHER FIXED OR FLOATING) OF THE 
ITEMS TO BE REAO AS REFLECTION DATA. IT ALSO INDICATES WHICH ITEMS OF A RECORD 
ARE TO BE IGNORED. TREAT EACH FIELD AS REPRESENTING FROM 1 TO 9 ITEMS IN 
A REFLECTION RECORD. IF AN ITEM OR GROUP OF ITEMS IS TO BE SKIPPED, PUNCH =XB= 
WHERE X IS AN INTEGER FROM 1 TO 9 DEPENDING ON HOW MANY CONSECUTIVE ITEMS 
ARE TO RE SKIPPED. IF X IS BL^NK, ONE ITEM WILL BE SKIPPED. 

IN FIELDS CORRESPONDING TO USEFUL INFORMATION PUNCH - 
FH OR IH FOR FLOAI TNG OR FIXED H 

FK OR IK FOR FL'OAIING OR FIXED K 

FL OR IL FOR FLOAI ING OR FIXED L 

FR OR IR FOR FLOAI ING OR F IX>"D FUNCTION pF INTENSITY ! 

FW OR IV.' FOR FLOAI ING OR FIXED WEIGHT OR STANDARD DEVIATION OF THE INTENSITY 

FD OP ID FOR FLOAI ING OR FIXED *JC 0 DE> IrgOICATOR 

FI OR II FOR FLOAI ING OR FIXED LEVEL INDICATOR - 

THESE FIELDS MUST BE PUNCHED IN THE SAVE ORDER AS THEY Apd£Ar jn YOUR 

REFLECTION DATA RECORDS. A BL°NK IN ANY OF THESE FIELDS CAUSES IMMEDIATE 
TERMINATION OF READING this CAeD. 

ENDOBS - SIGNALS THAT FOLLOWING REFLECTIONS ARE SYSTEMATICALLY ABSENT. 

Format (A2,A4> 

COLS SPECIFIED PUNCHING OR ^UNCTION OF THE FIELD 
1-6 ENDOBS 

HKL - STANDARD X-RAY SYSTEM REFLECTION INPUT OR REFLECTION EDITING CARD. 
FORMAT <A2, A4,1X,A2>A4,6I3,2F9.0,F5.0,F4.4,F4.3,F7.4,I3) 

C'CLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-3 HKL 
4-6 BLANK 

8-13 COMPOUND IDENTIFICATION CODE 
14-16 H 

17- 19 K 
20-22 L 

23- 25 FUNCTION OF CARD SIGNAL 

(0 OR BLANK )/(l)/(2)/(3)/(4) FOR (CAUSES THE zHKLz CARO TO BE A REFLEC- 
TION INPUT CARD. ALSO USED FOR AN A-PRIORI START WHEN NO BINARY FILE 
EXISTS, )/ (SIGNALS THAT THE BINARY DATA FILE IS TO BE PROCESSED DOWN TO 
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THE REFLECTION SPECIFIED IN THE =HkL= CARD AND THEN ALL VALUES ON 
THE CARD ARE TO REPLACE THE VALUES ON THE F I LE ,)/( PROCESS DOWN TO 
SPECIFIED HKL IN DATA FILE AND DELETE THE REFLECTION FROM THE BINARY 
FILE . ) / ( COP I THE BINARY DATA FILE DOWN TO AND INCLUDING THE 
DESIGNATED h, K, AND L. THIS IS A POSITIONING FUNCT I ON ) / ( SK IP 
THROUGH THE SPECIFIED HKL ELIMINATING REFLECTIONS FROM THE FILE). 

26-2a REFLECTION I YPE (JCODE) 

(l)/(2)/(3)/(4)/(5) for <OBSFRVED)/(LESS-THAN)/(EXTINCT)/(TO be 
IGNORED) /(SYSTEMATICALLY EXTINCT) 

29-3! DATA GROUP FOR SCALING PURPOSES 

32-4n REFLECTION INTENSITY 

4i-4c AVERAGE PATHLENGTH l 78 ft R ) IN CM. 

50-5a STANDARD DEVIATION IN INTENSITY 

(MAY ALSO BE WEIGHT IF SIGNALLED In =SCALE= CARD) 

5S-5fl PHASE (IN CYCLES) IF KNOWN 
59-6? NORMALIZED STRUCTURE FACTOR 
63-69 ABSORPTION CORRECTION 

70-72 NUMBER OF TIMES INTENSYTY WAS INDEPENDENTLY OBSERVED 

NOTE.... IN Every CASE once an = HKL = CARD FUNCTION IS FULFILLED* CONTROL 

RFTuRNS TO THE CARD Input STREAM. AN =EnD= CARD CAUSES THE INPUT 
BINARY DATA FILE TO BE ORAINEi) OF REFLECTION DATA WHENEVER ANY EDTIING 
IS BEING DCNE. 

IF, AT ANY TIME DURING EDITING, ThE BINARY FILE IS EXHAUSTED, A FAULT 
IS SIGNALLED AND the whole RUM ABORTED at that POINT. 

the ORDER OF H, K, AN" L ON THE INPUT EDITING CARDS MuST BE EXACTLY 
THE SAME AS THOSE IN THE BINARY DATA FILE. 

IF THEY ARE NOT IN THE SAME ORDER, A FAULT WILL OCCUR. 

END - END CARD. 

Format <A2»a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. card ORDER SUMMARY for =l>ifpch= program 


DIFPCH PROGRAM CALLING CARO 

♦STAND DESCRIPTION OF REFLECTION TO BE USED AS A STANDARD (MAXIMUM 10) 

♦TWOTHE SWATCH OF TWO THETA DESIRED (SHOULO BE ENOUGH THAT THE GROUPS 
OF TWO THETA WILL BE LESS THAN THREE OR FOUR THOUSAND 
REFLECTIONS) 

END END CARD 

* THESE CARDS ARE OPTIONAL 

***** READS =NFILEH= (WRITTEN hy =DIFSET=) ***** 

***** PUNCHES CARDS ON =NFILEC= ***** 
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tS. CARD FORMATS FOK =DIFPCH= PROGRAM 


OPERATION cards ARE DESCRIBED in section 2 , 6ENERL-A > AND THEIR FORMATS ARE 
GIVEN in SECTION 2.6ENERL-B. the POSITIONING of these CARDS is dictated by 
THEIR FUNCTION. 

UIFPCH - PROGRAM CALLING CARD. 

FORMAT (A2»A4*1X,A2»A4»1X.I1,3F10.4» 1 1 0 , 9X »Fl . 0 ,FlO . 4 » 1 1 ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 DIFPCH 

15 (l)/<2)/<3)/ FOR PUNCH (PEAK)/(SCAN)/(PEAK-SCAN PAIRS) 

16-25 LOWER LIMIT OF TWO THETAS TO BE PUNCHED. LESS THAN 2.5 IS SET = 2.5 
26-35 UPPER LIMIT OF TWO THETAS TO BE PUNCHED. MORE THAN 145.0 IS SET = 65.0 
36-45 NUMBER OF DEGREES TO DpIVE PHI BACk BEFORE SETTING To NEXT REFLECTION 
(ASSURE NO BACKLASH) BLANK = 10.0 DEGREES 
46-55 FREQUENCY OF INSERTING STANDARDS. BLANK = EVERY ?50 
65 SCAN RATE FOR XRO-6 CODE. BLANK =4 (I.E. 4 DEGREES/MINUTE) 

66-75 PHI CORRECTION - IF PHI VALUES FKOy DIFStT ARE INCORRECT THIS VALUE 
WILL BE ADDED TO ALL PHJS FROM =NFlLEH= - (BUT NOT TO STANDARDS 
SUPPLIED BELOW) . 

76 ( BLANK 1/(1) PUNCH CARDS IN (GE DaTEX )/ (PICKER > CARD AUTOMATED 

FORMAT 

** NOTE- THE =OIFPCH= CARO IS USED TO CALL THE PROGRAM And PlJLL OUT THE FIRST 
SHELL OF TWO THETAS. SUBSEQUFNT SWATCHES IN THE SAME DOB ARE 
INITIATED BY USE OF =TWOTHE= CARDS 

STANO - STANDARD CARD. A MAXIMUM OF 10 =STAND= CARDS ARE ALLOWED AND THEY 
MUST BE ARRANGED IN ORDER OF INCREASING PHI. 

Format (A2,a4*3I4,5F9,2> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 5 STAND 

6 BLANK 

7-10 H 

II- 14 K 
15-1« L 

10-27 CHI OF THE REFLECTION 
26-36 PHI OF THE REFLECTION 
3?-45 START TWO THETA OF THE REFLECTION 
46-54 PEAK TWO THtTA OF THE PEFLECTION 
55-6J STOP TWO THETA OF THE REFLECTION 

TWOTHE - FORMAT EXACTLY AS THE =DIFPCH= CApD 

END - END CARD. 

format <A2*A4) 



O' cw 
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COLS SPECIFIED PUNCHING OK FUNCTION OF THE FIElD 
END 
3L.ANK 
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. CAPO ORDER SUMMARY FOR =OI<-'SET= PROGRAM 


UIFSET PROGRAM CALLING CARU 

CELL OR PARAMC - FURNISHES CELL CONSTANTS 

ORIENT ORIENTATION 

ANGMX LIMITS Of PHI, CHI, AND TWO-THETA RANGES 

INDEX LIMITS Of H, K , AND L INDICES 

UAKSET OR EGNCON - METHOD OF COMPUTING SCAN RANGE 


*SYS A8S SYSTEMATIC ABSENCES 

PREP CAUSES PHOGRAM TO C^ECK INPUT, pRINT SPECIFICATIONS, AND 
PREPARE 10 COMPUTE SETTINGS 

♦ { OPTIONAL AUTOMATIC DIFFRACTOMEr CONTROL DECK - SEE BELOW) 

*HKL INDICES OF REFLECTION TO BE ADDED TO OUTPUT 

* (SETTING CARO - COMPOUND IDENTIFICATION IN COLS 1-6) 

SETTINGS OF REFLECTION TO BE ADDED TO OUTPUT 

GENHKL CAUSES GENERATION OF MILLER INDICES 
END ENO CARD 


THESE CARDS ARE OPTIONAL 
AUTOMATIC DIFFRACTOMETER CONTROL DECK 

INSERT AS INDICATED ABOVE IF CONTROL TAPE OR CARD DECK IS REQUIRED 

xrcc type of diffractometer, output required, scanning speed, 
number of characters per output record 
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XROFMT FORMAT OF DIFFRACTOMETER COMMAND WORDS FOR DATA 


ttyfmt format of teletype output for data (nbs. only) 

**STDrEF OESIGNATfc-S THE REFLECTION ON THE NEXT HKL OR ‘SETTING CARD* 

AS A STANDARD REFLECTION, GIVES ITS IDENTIFICATION NUMBER, 

AND SPECIFIES HOW OFTEN IT IS To BE INSERTED IN OUTPUT 

**xrdfmt format for diffractometer command words for standard reflection 


**TTYFMT FORMAT FOR TELETYPE OUTPUT for STANDARD REFLECTION (NBS ONLY) 
**HKL OR ‘SETTING CARD* - DEFINES THE STANDARD REFLECTION 


** THESE CARDS ARE OPTIONAL AS A GROUP WITHIN THE OPTIONAL CONTROL DECK. 

THE WHOLt GROUP IS wEPEATED FOR EACH STANDARD REFLECTION. 
STANDARD REFLECTIONS MUST BE NUMBERED SEQUENTIALLY 2 - 10. 

THE CARUb =STOREF=. =XRDFMT=» AnO rTTYFMTr MUST BEAR THE 
SEQUENCE NUMBER FOR THE STANDARD DEFINED BY THE =HKL= OR 
‘SETTING CARD* FOR EACH STANDARD REFLECTION. 


***** OPTIONALLY PUNCHES CARDS ON =NFIL£C= < SEE COLS 61-70 OF =DIFSET= CARD)*** 

***** OPTIONALLY WRITES =NFILEh= (SEE COLS 51-60 OF =DIFSET=CARD) ***** 

***** OPTIONALLY WRITES =NFILEI= (SEE COLS 13-17 OF rXRDCs CARD) ***** 

NOTE- rNFILEH= — StTTING INFORMATION 

=NFILEH= CONTAINS A SERIES OF PACkED RECORDS WITH THE FOLLOWING 
INFORMATION. THESE ARE READ AND SORTED BY =OIFPCH= LINK, WHICH SEE. 

THE QUANTITIES STOREU ARE H INDEX, K INDEX, L INDEX, CHl SETTING, PHI 
SETTING, TWO THETA SETTING FOR BACKGROUND (LOW), TWO THETA SETTING FOR 
PEAK, TOW THETA SETTING FOR BACKGROUND (HIGH), AND TIME (SECONDS) FOR 
TWO THETA SCAN. 
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B . CA^D FORMATS FOR =OlFSET= PROGRAM 


OPERATION CAROS ARE DESCRIBED !N SECTION 2 .GENERL-A * AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 , GENERL-B . THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

UIFSET - CALLING CAKO FOR D I FFR AC TOME TER SETTING PROGRAM. 

FORMAT <A2,A4.1X,A2*A4,7X,3Fia.6,2I10) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 DIFSET 

8-13 COMPOUND IDENTIFICATION CODE 

?l-3n WAVELENGTH t* OR ALPHA! 1) 1.54051 ANGSTROMS USED IF BLANK 

31-40 WAVELENGTH FOR ALPHA (2) 1.54433 ANGSTROMS USED IF BLANK 

NOTE - IF ALPHA (1) IS SUPPLIED BUT ALPHA (2) IS BLANK, THE ALPHA ( 1 ) 

wavelength given will »lso be used for alphas) 

41-50 Two THETA scan RATE IN DEGREES PER MINUTE 

51-60 (8LANK>/<1> FOR <00)/U'0 NOT) PUNCH SETTING CARDS ON =NFlLEH= 

61-70 (BLANK)/!!) FOR <00)/(U0 NOT) PUNCH SETTINGS CARDS FOR THOSE 

REFLECTIONS WHICH ARE SYSTEMAT I C ALl Y ABSENT. THIS FIELD HAS NO 
EFFECT UNLE5S COLUMNS M-60 ARE BLANK. (WILL ALSO SUPPRESS PUNCHING 
OF DIFFRACTOMETER CONTROL CAROS FOR ABSENT REFLECTIONS.) 

CELL - CELL CONSTANT CARD. j 

Format (A2#A4» 1X,A2#A4,3FF,3*3F9.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

5-6 BLANK ' 

8-13 COMPOUND IDENTIFICATION CODE 


14-21 A CELL DIMENSION 
22-29 B CELL DIMENSION 
30-37 C CELL DIMENSION 

38-46 COS ALPHA ALPHA 

47-55 COS BETA . OR . Bf TA 
56-64 COS GAMMA GAMMA 


PAR AMC - CELL CONSTANTS CALCULATED BY A PREVIOUS =PARAM=. 
Format (A2,A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-6 PARAMC 


ORIENT - CRYSTAL ORIENTATION CARD. 

FORMAT <A2,A4,1X,A2,A4,2X»7F8.3) 
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COLS SPECIFIED PUNCHING OK FUNCTION OF T HE FIELD 
1-6 ORIENT 

R-13 CONPOUNO IDENTIFICATION CODE 

16- 23 H INDEX (MAT BE FRACTIONAL) OF THE RECIPROCAL LATTICE VICTOR LYING 

ALONG THE PUSITIVE DIRECTION OF THf PHI AXIS 
24-3i K INDEX AS ABOVE 

32-30 L INDEX AS ABOVE 

40- 47 H INDEX (MAT BE FRACTIONAL) OF A RECIPROCAL LATTICE VECTOR LYING IN THE 

PHI r 0 DEGREES PLANE (THIS PLANE CONTAINS THE PHI Axis) 

48-55 K INDEX AS ABOVE 

56-6?. L INDEX AS ABOVE 

64-7 1 CORRECTION 10 BE APPLIED TO ALL CALCULATED PHI'S TO OBTAIN TRUE PHI'S. 
THIS CORREC I ION IS THE ANGLE (OF + OR - PHI) BETWEEN THE PLANE 
SPECIFIED ABOVE AND THF PHI = 0 PLANE 

ANGMX - DIFFRACTOMETER AND GOMIOSTAT ANGLE LIMITS. 

Format (A?., A4»4x,6Flo.6) 

cols SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 ANGMX 
6 BLANK 

U-2o LOWER LIMIT FOR PHI 

21- 30 UPPER LIMIT FOR PHI 

31- 40 LOWER LIMIT p OR CHI II" RANGE -10 TO + 100) 

41- 50 UPPER LIMIT FOR CHI (IN RANGE -10 TO +100) 

51-60 LOWER LIMIT FOP TWO TH^TA 

61-70 UPPER LIMIT FOP TWO TH*- TA 

INUEX - INDEX GENERATION LIMITS. 

Format (A 2 rA 4 » 4 x, 6 (ix« 14) > 

COLS SPECIFIED PUNCHING OR FACTION OF THE FIELD 
■ 1-5 INDEX 
6 BLANK 

12-15 LOWER LIMIT FOR H INUE* 

17- 20 UPPER LIMIT FOR H INUE* 

22- 25 LOWER LIMIT FOR K INUE* 

27-30 UPPER LIMIT FOR K INUE* 

32- 35 LOWER LIMIT FOR L INUE* 

37-40 UPPER LIMIT FOR L INDEX 

BAKSET - CONSTANT INCREMENT FOR CALCULATING TWO-THETA SETTINGS FOR 
BACKGROUND READINGS OR FOR BEGINNING AND END OF SCAN RANGE. 

FORMAT (A2, A4,YX,F5.2> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 BAKSET 

16-20 INCREMENT IN DEGREES 

EQNCON - CONSTANTS FOR EQUATION USED IN CALCULATING TWO-THETA SETTINGS 
FOP BACKGROUND READINGS OR FOR BEGINNING AND END OF SCAN RANGE, 

Format (A2,a4»4x,2Fio.4> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 EQNCON 
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11-20 

A IN DEGREES 





21-30 

B IN DEGREEb 






SUGGESTED 

VALUES ARE A=1.60 AND B=0,86 FOR 

COPPER 

RADIATION 



OR A 

i=1.80 

AND 

Brl.00 FOR MOLYBDENUM 




SYSAHS 

- SYSTEMATIC ABSENCES C»RO. 




Format 

( A2» A4 

,1X 

» A2 » A4 , 7X ,231 1 ) 




cols 

SPECIFIED 

PUNCHING OR FUNCTION OF t h E FIElO 




1-6 

SYSA8S 






8-13 

COMPOUND IDENTIFICATION CODE 




21-43 

VALUE OF • 

X’ 1 

FOR APPLICATION OF SYSTEMATIC ABSENCES 

test. ONLY 

those 


COLUMNS CORRESPONDING TO TESTS TO pE APPLIED 

SHOULD 

BE NON-ZERO 

• 

21 

HKL 

ABSENT 

IF 

H+K=XN+1 




22 

HKL 

ABSENT 

IF 

H+L=XN+1 




23 

HKL 

absent 

IF 

K+L=XN+1 




24 

HKL 

ABSENT 

IF 

ALL H + K, H+L, K+l.=XN + l 




2 b 

HKL 

ABSENT 

IF 

H+K+L=XN+1 




26 

HKL 

ABSENT 

IF 

-H+K+L=XN+1 




27 

HHL 

ABSENT 

IF 

Hr XN+ 1 




28 

HHL 

ABSENT 

IF 

LrXN+1 




29 

HHL 

ABSENT 

IF 

H+L=XN+ 1 




30 

HKL 

ABSENT 

IF 

2H+L=XN+1 




31 

OKL 

ABSENT 

IF 

KrXN+l 




32 

OKL 

ABSENT 

IF 

L=XN+1 




33 

OKL 

ABSENT 

IF 

K+L=XN+1 




34 

HOL 

ABSENT 

IF 

H=XN+ 1 




35 

HOL 

ABSENT 

IF 

LrXN+1 




36 

HOL 

ABSENT 

IF 

H+L=XN+1 




37 

HKO 

ABSENT 

IF 

h=xn+i 




38 

H'.< 0 

ABSENT 

IF 

KrXN+l 




39 

HKO 

ABSENT 

IF 

H+KrXM+i 




4 0 

MHO 

ABSENT 

IF 

HrXN+1 




41 

H00 

ABSENT 

IF 

HrXN+1 




42 

0K0 

ABSENT 

IF 

KrXM+1 




43 

0 0L 

ABSENT 

IF 

L=XN+1 





PREP - CAUSES PROPKAM TO PREVARF. TO COMPETE SETTINGS By CHECKING INPUT DATA , 
COMPUTING CONSTANTS Af'D PRINTING CUT SPECIFICATIONS. 
format (A2,a4) 


COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 
1-4 PREP 
5-6 BLANK 

HKL - MILLER INDICES OF a Rt- FLECTION that is To BE INSERTED in the OUTPUT. 

the SETTINGS ARE COMPUTED, THE INDEX AND ANGLE LIMITS ARE CHECKED, 
AND THE PHI-ANGLE CORRECTION, IF ANY, IS APPLIED. 

Format cA2, A4»7 x,3I3) 

' COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 HKL 
4-6 BLANK 
14-1 6 H INDEX 
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17-19 K INDEX 
20-22 L INDEX 

, SETTING CARDS*. MILLER INDICES aND SETTING angles FOR A REFLECTION 

THAT IS TO be INSERTS" IN THE OUTPUT. NO CHECK IS MADE ON 
THE INDICES ANO ANGLES. THESE CArDS MAY BE GENERATED By THIS 
PROGRAM FOR SORTING, «ND THEN READ By IT TO CREATE A CONTROL TAPE 
OR CARD DECK. 

Format <a2,a4»oI4»6F9.2»a?,a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 (COMPOUND IDENTIFICATION CODE). MuST AGREE WITH =DIFSET= CARD 
COLS. 8-13. 

7-1 n H INDEX 
11-14 K INDEX 
15-18 L INDEX 
19-27 CHI SETTING 
28-36 PHI SETTING 
37-45 START TWO-ThETA SETT IN" 

46-5S PEAK TWO-THETA SETTING 
55-63 STOP TWO-THETA SETTING 
64-72 SCANNING TIME 
73-78 BLANK OR 'AtiSENT* 

GENHKL - STARTS GENERATION OF FILLER INDICES AND SPECIFIES ORDER, THE 

RECIPROCAL AXIS THAT LIES ALONG THE PHI AXIS SHOULD BE INCREMENTED 
MOST FREQUENTLY SO TH«T PHI DOES NOT CHANGE OFTEN. 
format (A2,A4,i4,iox,3ii,’2x,2i5) 

COLS SPECIFIED 'PUNCHING OH FUNCTION OF THE FIELD 
1-6 GENHKL 

7-10 (2 OR BLANK ) / ( 1 ) / ( 0 ) FOR (TO USE SUBROUTINE XRY271)/(T0 USE 

SUBROUTINE XRY272 ) / ( ATTEMPTS TO UsE XRY278 WHICH IS CURRENTLY 
INACTIVE) 

21 1/2/3 FOR H/K/L INO^X INCREMENTED MOST FREQUENTLY 

22 1/2/3 FOR H/k/l INDEX INCREMENTED NEXT 

23 i/2/3 FOR H/K/L INOX INCREMENTED LAST 

36-40 +1/-1 FOR I HE INCREMENT TO BE APPLIED TO THE INDEX SPECIFIED IN COL. 

22 WHEN THE INDEX SPECTFIEO IN COL. 23 IS POSITIVE OR ZERO. 

THIS DETERMINES THE DIRECTION IN WHICH PHI SETTINGS WILL PROGRESS. 
41-45 =1 IF ALL HOSITIVE VALUES OF THE INDEX SPECIFIED IN COL, 23 APE 

TO BE SCANNED, FOLLOWE" BY ALL NEGATIVE VALUES. PHI WILL PROGRESS IN 
ONE DIRECTION, THEN JUMP BACK WHEN THIS INDEX IS INCREMENTED. 

=0 IF FOR EACH VALUE, N, OF THE InOEX SPECIFIED IN COL. 23 LAYERS 
FOR BOTH +N ANU -N ARE SCANNEC BEFORE THE INDEX IS INCREMENTED. IN 
THIS CASE. PHI SETTING PROGRESS AROUND THE CIRCLE AND START OVER AGAIN 
WHEN THE INDEX IS INCREMENTED, 

END - END CARD. 

Format iA2»A4) 

cols SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-3 END 
4-6 BLANK 

THE FOLLOWING CARDS ARE USED ONLY IF AN AUTOMATIC DIFFRACTOMETER CONTROL 
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TAPE OR CARD DECK lb TO BE MADE. 

xrdc _ specifications for automatic diffractometer control tape or card deck, 
format <A 2 , a 4, ix,4i5) 

cols SPECIFIED PUNCHING or FUNCTION of the field 
1-4 XRDC 
5-6 BLANK 

8-12 TYPE OF OIFFKACTOMETER 
1 FOk DATEX 

13-17 TYPE OF INPUT REQUIRED BY DIFFRACTOMETER 

1 FOR PAPER TAPE (DATEv) OUTPUT ON =NFI|_EI = 

2 FOR PAPER TAPE ( NHS ) OUTPUT ON =NFIL£I= 

3 FOR CARDS OUTPUT ON =NF1LEC= 

18-22 SCANNING SPtEU CODE 

1/2/3/4/5/6 FOR . 25/. 50/1. j/ 2. 0/4. c/SLEW SPEED IN DEG/MIN. THIS is 
USED TO COMPUTE SCAN T T M£ ONLY. IT Is INDEPENDENT OF ACTUAL SCAN SPEED 
SELECTED, WHICH IS CONTROLLED Hy =*RDFMT= CARD. IF BLANK, SCAN TIME 
WILL BE COMPUTED FOR A SPEED OF 1 dEG/MIN. THIS OVERRIDES SCAN RATE 
ON =DiFSET= CARD. 

23-27 MAXOUT. THIS IS THE NUMBER OF CHARACTERS THAT MUST BE ACCUMULATED IN 
THE OUTPUT DUFFER BEFORE OUTPUT OF A DIFFRACTOMETER CONTROL CARD OR A 

BLOCK OF MAO. TAPE W1LI. OCCUR. IF NECESSARY, CARDS WILL BE FILLED WITH 

BLANKS TO MAKE aO COLUMNS AND MAG. TAPE RECORDS WILL BE FILLED WITH 
BLANKS TO MAKE A BLOCK OF 120 CHARACTERS. BLANKS ARE SKIPPED IN 
PUNCHING PAPER TAPE FROM THE MAG. TAPE. MAXOUT MUST NOT EXCEED 80 FOR 
CARDS, 120 FOR DATEX TAPE, OR ABOUT 90 FOR NBS DIFFRACTOMETER TAPE. IF 
COL 23-27 ARE BLANK MA*OUT=80 , 

XROFMT - FORMAT' FOR AS MANY AS TWELVE DIFFRACTOMETER COMMAND WORDS. 

ONE OF THESE CARDS IS REQUIRED FOR DATA AND ONE FOR EACH STANDARD 
REFLECTION. 

Format (A2»a4,I2,i2(5ai,ii > > 


COLS 

1-6 

7-0 


15 

IS 

17 

18 

19 

20 


SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 

XRDFMT 

SEQUENCE NUMBER, =1 for data reflection, =2 for first standard 

REFLECTION =10 FOR NINTH STANDARD REFLECTION. THIS NUMBER 

MUST AGREE WITH THE SEQUENCE NUMBER ON THE CORRESPONDING =STDRFF= 
AND st'TYFMT- CAROS, IF ANY. 

BEGIN-wORD CODE FOR WO^O 1, WHJCH >„UST BE AN HKL WORD, 

WORD 2 - BEGIN WORD COi'E FOR AXIS COMMAND 

WORD 2 - MOUE COUE 

WORD 2 - STtF CODE 

WORD 2 - FILTER CODE 

WORD 2 - SPtEU CODE 

WORD 2 - DIGIT TO DESIGNATE THE ANGLE TO BE INSERTED AS CHARACTER 
6-10 OF THE COMMAND WORD. THE OPTIONS ARE — 

1 CHI SETTING 

2 PHI SETTING 

3 START TWO-TPETA SETTING 

4 PEAK two-thfta sf.tting 

5 STOP TWC-THfTA SETTING 

6 2ER0 DEGKEtS 

7 FIVE BLANKS (CARD OUTPUy ONLY) 

8 (CLOSE UP ANGLE FIELD) 
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6 > 7 , AND M AH E NOT ORDINARILY USED, 

21-2f. WOPD 3 - SAME FORMAT As WORD 2 

27-32 WORD 4 - SA «L FORMAT AS WORD 2 

33-38 WORD 5 - SAME FORMAT AS WORD 2 

39-44 WORD 6 - SAME FORMAT AS WORD 2 

45-50' WOPD 7 - SAME FORMAT AS WORD 2 

51-56 WORD 0 - SAME FORMAT AS WORD 2 

57-6? WOPD 9 - SAME FORMAT AS WORD 2 

63-6.°. WORD 10 - SAME FORMAT “S WORD ? 

69-74 WORD 11 - SAME FORMAT «S WORD 2 

75-60 WOPO 12 - SAME FORMAT * S WORD 2 

TTYF'MT - FORMAT for TELETYPE OUTPUT (NHS Of.jLY ) . ONE OF THESE IS REQUIRED FOR 

DATA, AND ONE FOR EACH STANDARD REFLECTION. 

FQPMAT (A2,A4,12,2X,I2,1X,I1,11(5X,I1)) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 TTYFMT 

7-0 SEQUENCE NUMBER - COPY FROM CORRESPONDING =XKDFMTs CARD 
11-12 N, THE NUMBtK OF SPACES OR ASTERISKS AT BEGINNING OF EACH LINE OF,._, 

OUTPUT AFTER THE FIRST FOR EACH REFLECTION. THIS PEMItS INDENTING, 

AND MARKING STANDARD REFLECTIONS . THIS NUMBER SHOULD NOT EXCEED 

eleven. 

14 WORD 1 PREFIX - 0/1/2/3 DESIGNATES THE TELETYPE CONTROL CHARACTERS TO 
DE INSERTED BP ORE THE CORRESPONDING COMMAND WORD. ALLOW FOR A 
DIFFRACTOMEItR OUTPUT WORD WHENEVER THE KOOE CODE CALLS FOR ONE. 

0 - SPACE 

1 - SPACE, CARRIAGE RETURN, i INE FEED 

2 - SPACE, CARRIAGE RETURN, LINE FEED, NSPACES 

•3 - SPACE, CARRIAGE RETURN, l.INE FEED, N ASTERISKS 

20 WORD 2 PREFIX (SEt WORD 1) 

26 WORD 3 PREFiX (SEE W"RO 1) j 

32 WORO 4 PREFiX (SEE Wf'RO l) 

36 WORD 5 PREFIX (SEE Wi'RO j) 

44 WORD b PREFIX (SEE WORD 1) 

50 WORD 7 PREFIX (SEE WORD l ) 

56 WORD 6 PREFiX (SEE WORD D 

62 WORD 9 PREFIX (SEE WORD 1) 

68 WORD IQ PREP IX (SEE '•'ORD 1) 

74 WORD 11 PREFIX (StE WORD 1) 

80 WORD 12 PREFIX (SEE WORD 1) 

STOREF - DESIGNATES THE REFLECTION ON THE N EXT =HKL= OR ‘SETTING* CARD AS A 

STANDARD REFLECTION A"jq SPECIFIES HOW FREQUENTLY IT IS TO 8E INSERTED 
IN the CONIKOL TAPE op CARD DECK. 

Format (A2,A4, 12,2X,3I5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF jHE FIELD 
1-6 STDREF 

7-8 SEQUENCE NUMBER, 2/3/4. ,./10 FOR F IRST/SECOND/THI rD . . . /N I NTH 

STANDARD REFLECTION, THIS MUMMER MUST AGREE WITH THAT ON CORRESPONDING 
=XRDF,MT= ANU =TTYFMT= LARDS. 

ll-ls MINIMUM NUMBER OF REFLECTIONS BETWEEN MEASUREMENTS ON THIS STANDARD, 

ALL DATA REFLECTIONS POINTED (FVEn THOSE THAT ARE SYSTEMATICLY ABsf:nT) 
ARE COUNTED. STANDARD REFLECTIONS ARE NOT. AFTER MINIMUM COUNT IS 
EXCEEOEO, SIANOARD IS * NSERTED AFTER MOST FREQUENTLY INCREMENTED INDEX 
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REACHES ZERU, UNLESS MAXIMUM NUMBER IS REACHED FIRST. 

16-2n MAXIMUM number of REFLECTIONS BETWEEN MEASUREMENTS ON THIS STANDARD 
21-25 INITIAL COUNT OF REFLECTION. IF THIS IS THE SAME AS THE MAXIMUM, THE 
STANDARD WILL BE INSERTED AFTER THE FIRST DATA REFLECTION. 

HKL - MILLER INDICES OF THE STANDARD REFLECTION. ThE FORMAT IS THE SAME 
AS FUR THE =HKl= CARD DESCRIBED ABOVE. 

‘SETTING C«RO*. HKL and SETTINGS FOR THE ST AnIoAPD REFLECTION. THE 

FORMAT IS IHt SAME AS FOR 'SETTING CARDS' DESCRIBED ABOVE. 
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A. CArD ORDER SUMMARY FOR rOU M COPr PROGRAM 


DUMCOP PROGRAM CALLING CAkD 
END END CARL) 

***** READS rNFILEA= ***** 

***** OPTIONALLY WRITES =NFIL£ M = (SEE COL 15 OF =DUMCOP= CARD) ***** 

***** optionally punches cards on =nfilec= (see col 25 of =dumcop= card) ***** 
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H. CARD FORMATS FOR =DUMCOP= PROGRAM 


OPERATION CARDS ARE DESCRIBED IN SECTION 2 , GENERL-A t and THEIR FORMATS ARE 
GIVEN in SECTION 2 , gENERL-B . THE POSITIONING OF THESE CARDS IS DICTATED 3Y 

their function. 

DUMCOP - PROGRAM CALLING CARD. 

FORMAT (A2#A4»lX,A2»A4»lX*U,2<4XrIl) ,15) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 DUMCOP 

S-13 COMPOUND IDENTIFICATION' CODE 

15 <0>/(l> (DU NOT)/<DO) COPY THE HILARY FILE 

20 (0)/(l) (DU NOT)/(DO) PRINT A DUMP OF THE BINARY FILE 

25 (0)/(lI (DU NOT ) / ( DO ) PUNCH A OECk OF CARDS WITH THE INFORMATION OF 

THE BINARY HLE (USEU FOR PROGRAM CHECK-OUT) 

26-30 THE MAXIMUM NUM3ER OF PHYSICAL RECORDS OF ANY GIVEN LOGICAL RECORD 

TO OE PRINTED. (BLANK OR ZERO = 5 - THIS IS TO PROTECT AGAINST HUGE 
PRINTED OUTPUT) USUAL! Y 5 PHYSICAL RECORDS OF Any ONE LOGICAL RECORD 
SUFFICE TO DISCOVER ERRORS. 

END - END CARD. 
format (A2.a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CARD ORDER SUMMARY FOR =FC= PROGRAM 


FC 

♦SCALE 
♦ ATOM 
♦MAXHKL 
END 


PROGRAM CALLING CARU 

SCALE CARD FOR F RELATIVE DATA 

ATOM CARU FOR SELECTING ATOMS FpOM FILE 

PUTS LIMITS ON H, K. L, OR SIN t*ETA FOR THIS RUN ONLY 

END CARU 


♦ THESE CARDS ARE OPTIONAL 


NOTE 1 - IF NO =ATOM= CARDS HAVE BEEN READ WHEN THE =END= CARD IS ENCOUNTERED* 
STRUCTURE HACTOKS WILL BE CALCULATED FROM PARAMETERS STORED IN THE 
BINARY DATA FILE. IF =ATOM= CAROS ARE INCLUDED, THEN ONLY PARAMETERS 
FOR NAMED ATOMS WILL HE TAKEN FROM THE FILE. 


♦♦♦♦♦ pEAQS rNFILEA= ♦♦♦♦♦ 

♦ ♦♦♦♦ WRITES =NFILEt>= ♦♦♦♦♦ 

♦♦♦♦♦ OPTIONALLY WRITES =NFILFF= (SEE COL 27 OF THE =FC= CARD) ♦♦♦♦♦ 
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B. CARD FORMATS FOR =FC= PROGRAM 


OPERATION CARDS ARE OESCRIBEU TN SECTION 2.GENERL-A, AND THEIR FORMATS 
ARE GIVEN IN SECTION 2.GENERL-R. THE POSITIONING OF THESE CARDS IS 
DICTATED BY THEIR FUNCTION. 


FC - SET-UP CARD FOR STRUCTURE FACTOR CALCULATION, 

FORMAT <A2,A4,1X,A2.A4,7(1X»I1> ) 


COLS SPECIFIED PUNCHING OR t-UNCTION OF tHE FIELD 
1-2 FC 
3-6 BLANK 


a-13 

15 

17 

19 

21 

23 

25 

27 


COMPOUND IDENTIFICATION CODE 

(0)/(U/<2>/(3) FOR (OVERALL TFMPERATURE FACTOR) /( INDIVIDUAL 
ISOTROPIC )/(lNDIVIOUAL ANI SOTROP 1C ) / ( INDI V IOuAL MIXED) 
(Q)/(l) FOR (DO NOT LIST THE REFLECT IONS) /( DO ) 


NOT CONSIDER DISPERSION CORRECT IONS >/( DO ) 

not ) / ( 1 ’0 ) make a survey of reflection sorting 


( 0 ) / ( 1 ) FOR (U0 
(Ol/U) for (DO 
STATISTICS. 

(0)/(i>/(2) FOR (NO PARTIAL CONTRIBUTION) /(APPLY PARTIAL CONTRIBUTION)/ 
(ESTABLISH ANU APPLY PREVIOUS FC As PARTIAL CONTRIBUTION). 


(0)/(l> FOR (X-RAY)/(NF'UTRON) diffraction. 

(0)/(l) FOR (DO NOT ) / ( DO ) UPDATE THE SCALE FACTORS. 

**** NOTE **** UPDATING SCALE FACTORS REQUIRES An ADDITIONAL 

COPYING OF I HE BINARY DATA FILE, IF THIS OPTION IS USED, =NFILEF= MUST 

BE ASSIGNEO. 


SCALE - SCALE CARD FOR F RELA1IVE DATA, 
Format (A2,A4,piq.4»I4) 


COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 SCALE 
6 BLANK 

7-16 SCALE FACTOR TO APPLY TO F RELATIVE 
1 7-20 GROUP IDENTIFICATION (1-64) 

ATOM - ATOM SELEC t ION CARD. 
format <a2,a4.ix,a4>a2) 


CCLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-4 ATOM 
5-6 BLANK 

8-13 ATOM IDENTIFICATION (SEE 1 , GENERL ) 

IF ATOM NUMBER IS OMITTED, THIS CARD APPLIES TO ALL ATOMS OF THE STATED 
TYPE 
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MAXHKL - LIMITS FOR DATA SET FOR THIS HUN ONLY* 
Format (A2. a4,vx*3I4,2F8.4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 MAXHKL 

14-17 MAXIMUM H TU BE USED 
18-21 MAXIMUM K TU BE USED 
22-25 MAXIMUM L TU BE USED 

26-33 MAXIMUM SIN l THEY A ) /LAMHOA (BLANK z 0.7) 
34-41 MINIMUM SI N ( THETA ) /LAMHOA (BLANK z 0.0> 

END - ENO CARD. 

Format <A2»A4> 

COLS specified PUNCHING OR FUNCTION OF the field 
1-3 END 
4-6 blank 
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A. CARD ORDER SUMMARY FOR =EO'iRR= PROGRAM 


FOURR PROGRAM CALLING CARD 
■♦SCALE SCALE CAkU FOR F RELATIVE DATA 

♦FZERO USE DIFFERENT value of f<o»o.o> from THAT SUPPLIED TO =datrdn= 
♦MAXHKL LIMITS FOR FOURIER SUMMATIONS 
♦MAP PRINT CONTROL CARO 

♦ grid FOURIER GRID CARD (OPTIONAL IF p =GRIU= CARD HAS BEEN USED AT 

any previous time when a binary data file was written) 

♦layout DESCRIPTION of FOURIER MAP 
END END CARO 

! 

* THESE CARDS ARE OPTIONAL ! 

**♦*♦ READS =NFILEA= ♦♦♦♦♦ 

***** OPTIONALLY WRITES SNFILEEr (SEE COLS 17-19 OF =FQURR= CARD) ♦♦♦♦* 
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fci a CARD FORMATS FOK =FOURR= PROGRAM 


OPERATION CAROS ARE DESCRIBED rN SECTION 2.GENERL-A, AND THEIR FORMATS 
ARE GIVEN IN SECTION 2.GENERL-*. THE POSITIONING OF THESE CARDS IS 
DICTATED BY THEIR FUNCTION. 

FOURR - CALLING CAKD FOR FOURIER PROGRAM, 

FORMAT! A2,A4,lX,A2,A4,3X,F3.2,F9.n,8F4.1,A2»Il,Al,Il) 

COLS SPECIFIED PUNCHING OR (-UNCTION OF jhE FIELD 
1-5 FOURR 
6 BLANK 

8-13 COMPOUND IDENTIFICATION CODE 

17-19 (BLANK)/(1) FOR (DO NOT)/(DO) WRITE A COPY OF FOURIER MAP ON =NFiLEE= 
FOR =PEKPIK= 

20-2? (BLANK)/(1) FOR <NO)/(YES) LIST REFLECTIONS 

23-25 CALCULATION TYPE - REFER TO SECTION 1, FOURR FOR DETAILS 

1 UNUSED 

2 PATTERSON (A=FO**2) 

3 VECTOR MAP (SHARPENED, ORIGIN REMOVED PATTERSON) (RESULTS OF 
=NORMSF= MUST BE ON BINARr DATA FILE) 

4 FO FOURIER BY REJECTION TES,. WHEN (FO*RR-FC) IS NEGATIVE , THE 
REFLECTION IS INCLUDED IN THE SUMMATION. FOR LESS-THANS, THE 
VALUE Oi- FO USED IS (FO*MLT> (SEE 26-28 BELOW) F C IS USED FOR 
EXTINCT reflections 

5 UNUSED 

6 FO FOURIER. PHASE ANGLES DETERMINED FROM QUASI-NORMALIZED STRUCTURE 
FACTORS 

7 FC FOURIER, USES ALL REFLECTIONS 

8 DELTA-F. BY REJECTION TEST (FO*RR-FC> FOR OBSFRVED, 1FO-FC) FOR 
LESS-THANS 

9 DELTA-F. WITH LEAST SQUARES WEIGHT APPLIED TO DELTA-F' W*(FO-FC). 
TEST LESS-THANS bY (FMIN-PC) 

10 UNUSED 

11 DELTA-F, OBSERVED REFLECTIONS ONLY 

12 DELTA-F. VARIABLE WEIGHING W=(fC/FO) OR 1.0 WHICHEVER IS LESS 
AND REJECT LESS-TH"NS CALCULATING LESS-THAN 

13 E MAP, PHASES FROM STATISTICS 

14 E MAP, PHASES FROM CALCULATED FC'S 

26-2f MULTIPLIER (MLT) FOR F n OF LESS-THaNS UNDER FO FOURIER OPTION (4) 

USUAL VALUE OF 0.5. 0,0 REJECTS ALL LESS-THANS 

29-37 ELECTRON DENSITY SCALE FACTOR - BLANKS GIVES OUTPUT AS 10*(2/V)* 
SUMMATION (M - FACTOR PUNCHED REPLACES 10 
38-4i REJECTION RATIO USED BY CRITERIA TESTS OF (4) AND (8), IF LEFT BLANK 
RR SET EQUAL TO ZERO TO INCLUQE ALL REFLECTIONS. 
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♦ *** 

42-45 

46-4 Q 

50-53 

54-57 

58-61 

62-65 

66-69 

70-71 

72 

73 

74 


THE FOLLOWING QUANTITIES are USED if and 
IS LEFT OUT (SEE NOTE RELOW) 

SCALE OF THE FOURIER In INCHES/ANGsTROM 
LOWER LIMIT OF X IN FRACTIONS OF A CELL 
LOWER LIMIT OF Y IN FRACTIONS OF A CELL 
LOWER LIMIT OF 2 IN FRACTIONS OF A CELL 
UPPER LIMIT OF X IN FRACTIONS OF A CELL 
UPPER LIMIT OF Y IN FRACTIONS OF A CELL 


ONLY IF THE =lAY0UT= CARO 

(BLANK=1.0> 

(BLANK=0) 

<BLANK=0) 

<BLANK=Q) 

(BLANK=1.0> 

<BLANK=1.0> 


UPPER LIMIT OF 2 IN FRACTIONS OF A CELL (8LANK=1,0> 

PAGE TO PAGt AXIS AS S«, SB, OK $C, OR PROJECTIONS (REGARDLESS OF DATA) 
AS PA, PR, OR PC ($' IMPLIES A BLANK) 


NUMBER OF PRINTER CHARACTER POSITIONS PER FOURIER GRID COLUMN - ONLY 2 
OR 4 ALLOWEU (BLANK = « > 

CARRIAGE CONTROL CHARACTER WHICH WILL PREVENT AUTOMATIC OVERFLOW 
OF PAGES ON LINE PRINTER (IF IN DOuBT LEAVE BLANK) 

( BLANK ) / < 1 ) (00 ) / ( DO MOT) AUTOMATICALLY CORRECT FOR INTERAXIAL ANGLE 

WITHIN LAYERS 


MOTE,..., IF NO PAGt TO PAGE AVIS OR FOURIER MAP (MAP HERE HAS NOTHING TO DO 
WITH =n/AP= CARD) BOUNDARY LIMITS ARE SPECIFIED AND NO =LAyOUT= CARD IS INCLUDED 
AFTER this CARD, THt PROGRAM will sum over THE SHORTEST AXIS first, thus 
GIVING THE fewest LAYERS POSSIBLE, EACH LAyER BEING SPACED 0.3 ANGSTROMS FROM 
THE NExT, WITHIN EACH LAYER THE SCALE WILL BE 1.0 INCHES/ANGSTROM CORRECTED 
FOR ANY INTERAXIAL ANGLE. ONE HALF OF CENTRIC CELLS WILL BE MAPPED WHILE 
WHOLE ACENTRIC CELLS AkE PLOTTED. FOUR CHARACTER POSITIONS PER GRID COLUMN 
WILL BF UTILIZED. FOR HIGH SYMMETRY CtLLS WITH AXES GREATER THAN 20.0 ANGSTROM 
UNITS, THIS METHOD MAY RESULT IN A STORAGE OVERFLOW. MOREOVER, THIS METHOD OF 
SLICING THE CELL, WHILE MOST ATTRACTIVE BECAUSE IT GIVES THE FEWEST PRINTED 
SHEETS TO HANDLE, IS INEFFICIENT IN USE OF MACHINE TIME. IN EITHER CONDITION, 
SUMMATION OVER THE LONG AXIS FIRST AND SHORT AXIS LAST WITH CAREFUL LIMITATIONS 
ON THE PORTION OF THE CELL TO h£ MAPPED SHOULD BE CHOSEN. THIS MAY BE DONE 
WITH THE =F0(JRR= CARD OR MORE elaborately WITH the =GRID= AND =LAY0UT= CARDS... 
NOTE WELL THAT IT IS ALWAYS A GOOD PRECAUTION TO CAREFULLY CHECK THE SYMMETRY 
OF THE MAP PRODUCED... IF =LAYO"T= CARO IS LEFT OUT, ANY =GRlD= CARD IS IGNORED. 


SCALE - UPDATE FILE F-RELATIVE SCALE FACTORS. 
format <A2# a4»fio.4»I4) 

COLS SPECIFIED PUNCHING OR ^UNCTION OF THE FIELD 
1-5 SCALE 
6 BLANK 

7-16 SCALE FACTOR TO APPLY TO F RELATIVE (ALSO IN CRYLSO, FC , LISTFC, 
LOADAT. ORELS, RLIST) 

17-20 GROUP IDENTIFICATION (1-64) 

FzeRO - PUT IN ANY VALUE OF FfOOO) DESIRED FOR THIS RuN ONLY. 
format (A2, A4, /x,F9.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 
1-5 FZERO 

6 BLANK ' ' 

14-22 VALUE OF F(UOO) DESIRED 

MAXHKL - LIMITS FOR FOURIER SUMMATION FOR THIS RUN ONLY 
Format (A2,a4,vx,3I4,2F8.4) 
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COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 MAXHKL 

14— ly MAXIMUM H TU BE USED 
18-21 MAXIMUM K TU BE USED 
22-2? MAXIMUM L TU BE USED 

26-33 MAXIMUM SI N l THET A ) /LAM W DA (BLANK mEANS NO LIMIT) 
34-41 MINIMUM SIN(THETA)/LAMHDA (BLANK MEANS NO LIMIT) 


MAP _ PRINT CONTROL CARD. 

FORMAT ( A2. A4, /X.3I4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 MAP 
4-6 BLANK 

14-ly BLANK - IGNORE THE FIElD 

MON ZERO IN I EGER - FORCE THE FIRST PRINTED POINT TO HAVE THIS VALUE 

AN" SCALE THE REMAINING POINTS ACCORDINGLY 
( GKIER ALLY ONLY USEFUL FOR PATTERSONS STARTING AT 
THH ORIGIN) 

18-21 UPPER LIMIT TO ESTABLISH PRINT SUPPRESSION 

22-25 LOWER LIMIT WITH SIGN TO ESTABLISH PRINT SUPPRESSION 

(BLANKS WILL BE 'PRINTED* AT ALL POINTS WHERE THE FOURIER VALUES FALL 
BETWEEN THE8L VALUES) 


GRID - FOURIER GRID CARD. 
Format (A2»a4, vx»3I4) 


COLS SPECIFIED PUNCHING OR FUNCTION OF fHE FIELD 
1-4 GRID 
5-6 BLANK 

14-ly NUMBER OF GRID INTERVALS ALONG THE X AXIAL DIRECTION 
18-21 GRID INTERVALS ALONG Y AXIAL DIRECTION 
22-2? GRIO INTERVALS ALONG Z AXIAL DIRECTION 

LAYOUT - DESCRIPTION OF MAP FOw FOUR IER « PATTERSON* ETC , . 
FORMAT <A2 , a4,/x,9I4#ix»3i i* X4»2I2,F7.5, ad 


COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 LAYOUT 

14-ly NUMBER OF PUINTS CALCULATED IN X DIRECTION 
18-21 ORIGIN VALUt- OF X (IN GRID COORDINATES) 

22-25 INCREMENT ALONG X (IN GRID COORDINATES) 

26-29 NU"BEK OF POINTS CALCU' ATED IN Y DIRECTION 
30-33 ORIGIN VALUt OF Y (IN GRID COORDINATES) 

34-37 INCREMENT ALONG Y (IN GRID COORDINATES) 

38-41 NUMBER OF PUINTS CALCUI ATED IN Z DIRECTION 
42-45 ORIGIN VALUt OF Z UN GRID COORDINATES) 

46-49 INCREMENT ALONG Z (IN GRID COORDINATES) 

51 SCANNING 1NUEX FOR X DIRECTION 

52 SCANNING INDEX FOR Y DIRECTION 

53 SCANNING INUEX FOR Z DIRECTION 

54-57 LINE WIDTH 


THE SCANNING 
PAGE TO PAGE 
AND THREE IF 


INDEX FOR A GIVEN DIRECTION Is ONE IF THAT COORDINATE GOES FROM 
IN THE MAP (FIRST SUM). TWO IF IT IS DOWN THE PAGE (SECOND SUM), 
IT IS ACROSS THE TOP Or THE PAGE (THIRD SUM) . 
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LINE ft I D T H (W) is THE NUMBER Ot- POINTS ALONG X3 (THE THIRD SCANNING DIRECTION) 
TO APPEAR ON ONT PAGE. IF THE NUMBER OF POINTS ALONG X3 IS GREATER THAN w. 

W POINTS APPEAR ON I HE FIRST PAGE AND THE NUMBER OF POINTS REMAINING TO BE 
PRINTED WILL BE DECREASED BY W. AS SOON AS THE NUMBER OF POINTS REMAINING 
ALONG *3 IS EQUAL TU OR LESS Than w, ALL REMAINING POINTS WILL BE PRINTED 

cn this page, the maximum permissible value for w is 3o in the four columns 

MODE, 60 IN THE 2 COLUMNS MODE. IT IS HSLpFUL TO ALWAYS THINK OF W AS BEING 
EQUAL TO THE NUMBER OF POINTS TO BE CALCULATED IN THE THIRD SUM DIRECTION 
OR 1/2 THAT NUMBER UK 1/4 ETC. RUT NEVER THAT NUMBER -1 AS THIS WILL CAUSE 
AN ADDITIONAL UNWANIEU SHEET (FOR LISTING ON A 120-CHAR. LINE PRINTER, MAX, W 
IS 27. LEAVING 12 CHARACTERS FOR THE LABELING OF THE 'DOWN THE PAGE' AXIS). 

AS An EXAMPLE, IN Tnfc FOUR COLUMN MODE, IF THERE ARE 53 POINTS ALONG X3 ANO w 
IS 27, 27 POINTS WILL APPEAR ON THE FIRST PAGE AND 26 ON THE SECOND. IF THIS 
FIELD IS BLANK. OR W IS OUTSIDE THE RANGE 10 TO 27 (OR 10-54 IN THE TWO COLUMN 
MODt), THE PROGRAM WILL COMPUTE AN OPTIMUM VALUE OF W. 

58-50 SPACE CONTROL INDEX. 

THE SPiCE CONTROL INDEX MAY BE 1 » 2 > 3 » 4 ( FOR SINGLE, DOUBLE. TRIPLE. OR 
QUADRUPLE SPACING, RESPECTIVELY (BLANK = 2). 

60-61 NUMBER OF COLUMNS PER FOURIER GRID COLUMN (BLANK = 4 ) 2 OR 4 ONLY 
POSSIBLE. 

62-6fi COSINE OF INTER AXIAL ANGLE IN THE FOURIER PAGE (BETWEEN THE AXIS OF 
THE SECOND and THIRD S"M DIRECTIONS) 

69 CARRIAGE CONTROL CHARACTER WHICH WILL PREVENT AUTOMATIC PAGE OVERFLOW 
ON LIjME PRINTER (IF IN DOUBT LEAVE BLANK) 

END _ END CARD, 

Format (A2.aw) 

COLS SPECIFIED PUNCHING OH FUNCTION OF t h E FIELD 
1-3 END 
4-6 BLANK 
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A. card ORDER summary FOR rLISTFC= PROGRA M 


LIStFC PROGRAM CALLING CARD 

♦scale SCALE CARO FOR F RtLATIVE DATA 

♦FCARD CARDS TU INPUT REFLECTION DATA 

END END CARD 

* THESE CARDS ARE UPTIONAL 

***** OPTIONALLY READS rNFILEA? (SEE COL OF =LISTFC= CARD) ***** 

***** OPTIONALLY PUNCHES CARDS ON =NFUEC= (SEE COL 52 OF =LISTEC= CARD) ***** 
***** OPTIONALLY WRITES =NFILEU= (SEE COL 58 OF =LISTFC= CARD) ***** 
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B. CARD FORMATS FOR =LISTFC= PROGRAM 


OPERATION CARl)S ARE DESCRIBED IN SECTION 2.GENERL-A* AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 , GtNERL-B . TH£ POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

LISTFC - PROGRAM CALLING CARD. 

FORMAT (A2*A4.1X,A2*A4,3I1 *I4,A1,I3*5(1X,I1) »3<lX»Al) ,9(1X*U) *2X, 

S 2 ( IX » 1 1 ) ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 LISTFC 

8-13 COMPOUND IDENTIFICATION CODE 

14 ( 1 ) / ( 2 ) / ( 3 ) FOR H IN"EX VARIES ( MOST ) / l NEXT MOST ),/( LEAST ) RAPIDLY 

(CODE TO TELL HOW INPUT DATA ARE SORTED) 

15 SORTING FREQUENCY FOR k INDEX 

16 SORTING FREQUENCY FOR L INDEX 

(NOTE THAT SUM AND PRODUCT OF NUMBERS IN COLUMNS 14* 15* AND 16 MUST 
EQUAL '6) 

l7-2n NUMBER OF LINES PER =LfSTFC= PAGE 

21 (BLANK)/(A) FOR (DO)/(ABSOLUTELY DO NOT) INTERNALLY CHANGE THE VALUE 

OF THE NUMBC.R OF LIMES IN ORDER TO MAKE THE BOTTOM OF THE LAST PAGE 
AS EVEN AS POSSIBLE 

22-24 NUMBER OF LIST COLUMNS PER =LISTFC = PAGE 

NOTE THE PRODUCT OF THE NUMBER OF LINES AND THE NUMBER OF COLUMNS PER 
=LISTFC= PAGE CANNOT EXCEED 3000. THAT IS, NO MORE THAN 3000 FOR THE 
TOTAL OF REFLECTIONS Af>'0 HEADINGS (WITH THEIR SPACES), PER PAGE. 

ZERO (OR BLANK) IN ANY OF THE FIVE FOLLOWING FIELDS MEANS JUST THAT 

26 NUMBER OF BLANK PRINT COLUMNS BEFO»E THE LISTFC COLUMN 

28 NUMBER OF PRINT COLUMNS FOR MOST RAPIDLY CHANGING INDEX 

30 NUMBER OF PRINT COLUMNS FOR FO TIMES 10 

32 NUMBER OF PRINT COLUMNS FOR FC TIMES 10 

34 NUMBER OF PRINT COLUMNS FOR PHASE EXPRESSED IN MILLICYCLES 

36 SPECIAL FLAG FOR LESS I HANS* ( BL ANK = *)*(JCOD£ = ?) 

38 SPECIAL FLAG FOR EXT INCT* ( BLANK = e>*(JCODE = 3) 

40 SPECIAL FLAG FOR SPECIAL REFLECTION (JC0DE=4) 

THE NEXT NINE FIELDS ARE ( BLANK )/( i ) FOR (DO NOT)/(DO> 

42 PRINT SYMBOL FOR LESS THAN OR EXTINCT REFLECTIONS 
THIS SYMBOL SWITCH ADDS ONE MORE PRINT COLUMN) 

44 PRINT PHASE ON FC IN CENTRIC CASE 
46 DOUBLE SPACt THE LINES 
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48 RESTOKE EACH =LISTFC= PAGE TO BE ThE TOP OF A PRINTER PAGE 

SO PRINT CURRENT rTITLEr AT TOP OF EACH PRINTER PA6£ 

52 PUNCH A SET OF =FCARU= CARDS (HAS H*K»L».FQ,FC«A»B , JCODE* AND 
LEVEL INDICATORS) 

54 READ =FCARU= CARDS AS INPUT IN PLACE OF =NFILEA= 

56 PRINT MINUS SIGN ON THF FO OF THE REFLECTIONS WHICH ARE LESS THANs 

58 WRITE A SEPARATE COPY hr THE FC LIST ON =NFILED= 

62 NUMBER OF TIMES TO TRY TO GET HEADINGS AT THE TOP OF ALL COLUMNS 
64 (l)/(2)/(3> FOR HEADINGS SEPARATED BY (NO BLANK LlNES>/( 1 BLANK 

LINE ABOVE)/( 1 ABOVE «NO 1 BELOW) (BLANK = 3) 

SCALE - SCALE CARD FOR F RELATIVE DATA. 

Format (A2» a4*fio.4»I4> 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-6 SCALE 

7-1 6 SCALE FACTOR TO APPLY TO F RELATIVE 

17- 20 GROUP IDENTIFICATION 

FCAKO - DATA OUTPUI FROM LISTFC PROGRAM FOR SORTING. 

FORMAT (A2rA4 f /X,3I4,4F10.3»2I4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 FCARD 
14-17 H INDEX 

18- 23 K INDEX 
22-25 L INDEX. 

26-35 FO 
36-45 FC 

46-55 A IS REAL PART OF FC 
56-65 B IS IMAGINARY PART OF FC 

66-69 JCODE TO TELL IF ( 1 ) / ( 2) / ( 3 ) / ( 4 ) / ( 5 ) REFLECTION IS <OBSERVED)/(LESS- 
THAN)/(EXTINCT)/(IGNORFD)/(SYSTEMATlCALLY ABSENT) 

70-7? LEVEL INDICATOR (TO TELL WHICH SCAlE FACTOR APPLIES) 

END - END CARO. 

Format (A2»A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-3 END 
4-5 BLANK 
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A. CArO 


LOAOAT 

♦SCALE 

♦ GRIn 

♦maxhkl 

♦label 

♦exttnc 

♦UISpER 

♦CELCON 

♦UAToMS 

♦ U 

♦u 

♦ B 

♦ ATOM 

♦atomg 

♦u 

♦ H 

♦ UXJ 

♦ BXvJ 

♦ BETA 


ORDER SUMMARY FOR =LO<>DAT = PROGRAM 


PROGRAM CALLING CAR" 

UPDATE E RELATIVE SCALE FACTORS 

alter grid parameters, required only IF =ATOMG= cards are used, 
this card NEED BE USED only ONCr FOR any given grid specification. 
IT IS THtN STORED In THE BINARY FILE UNTIL CHANGED BY A SUBSEQUENT 
=GRIO= CARD. 

ESTABLISHES LIMITS ON H, K, L» 0« SIN THETA 
UPDATE FILE LABEL 

extinction factor c«rd 

DISPERSION FACTOR CORD 

UNIT CELL CONTENTS (ONE PER ATOM TYPE) 

MOVE ALL ATOMS IN T"E ASYMMETRIC UNIT BY A SPECIFIED AMOUNT 
OVERALL 

ISOTROPIC TEMPERATURE FACTOR (SEE NOTE 2) 

ISOTROPIC TEMPERATURE FACTOR (SEE NOTE 2) 

supply aiom fractional population, positional, and isotropic 

TEMPERATURE PARAMETt-RS 

supply aiom grid positional, population, and isotropic 

TEMPERATURE PARAMETERS. THIS CARD REQUIRES A =GR1D= CARD 

ISOTROPIC TEMPERATURE FACTOR (SEE NOTE 2) 

ISOTROPIC TEMPERATURE FACTOR (SfE NOTE 2) 

ANISOTROPIC TEMPERATURE FACTOR CARD (RMS AMPLITUDE OF 
VIBRATION IN CRUICKSHANK. NOTATION) 

ANISOTROPIC TEMPERATURE FACTOR (SAME SCALE AS B) 

ANISOTROPIC TEMPERA1URE FACTORS IN THE EXPRESSION - EXP BASE E 
H*#2 BET A ( 1 , i ) + .... + 2^H^K^ BET A ( 1 r 2 ) + .... 
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♦ATOmD 

DELETE AIOMS FROM T W E BINARY FILE 



•BLOCK 

MATRIX BLOCKING CARU 



*REF 

ESTABLISH SIGNALS IN THE FILE WITH RESPECT 
ARE TO Bt REFINED 

TO 

WHICH PARAMETERS 

♦NOReF 

ESTABLISH SIGNALS In THE FILE WITH RESPECT 
ARE TO Bt REFINED 

TO 

WHICH PARAMETERS 

♦CONsTR 

CONSTRAINS ONE PARAMETER TO BE A function 

OF A 

ANOTHER 

♦delhkl 

DELETE CLASSES OF RtFLECT IONS 



•edit 

EDIT CARD FOR MODIFYING REFLECTIONS (MAXIMUM 

OF 14) 

END 

END CARD 




* THESE CAROS ARE OPTIONAL 


***** READS =NFILEA= ***** 
***** WRITES =NFILE»= ***** 


NOTE 1 - ALL =LAHEL=* =SCALE=, rGRIDr, ANO =MAXHKL= CARDS MUST COME FIRST, 

THEM ALL =B=, =ATOM=, rATOMDr, =AjOMG=* =BET A= , =B I J= , ANO =UIJ= MUST 
COME NEXT IN THE OKUE u ATOM. T . F . , ATOM. T.F., ETC. IF MORE THAN ONE 
CARD IS GIVEN THE SAW- ATOM IDENTITY. THE LAST SUPERCEDES ALL OTHERS. 
=EOIT= MUSI COME JUST REFORE THE =END= CARD, 

NOTE 2 - FOR OVERALL TEMPERATURE FACTOR. A SINGLE =B= OR =U= CARO MUST BE THE 
FIRST PARAMETER CAKO. IF IN THE INDIVIDUAL TEMPERATURE FACTOR MODE, 
EACH =ATOM= OR =ATOMG= CARD MUST RE FOLLOWED BY A TEMP. FACTOR CARD 
(EXCEPT THAT ISOTROPIC. =«= COULU BE PUNCHED IN =ATOM= OR =ATOMG= 
CARDS). Bt SURE THAT THE ATOM IDENTITY CODE IN COLS. 8-13 OF =AtOM= 
OR -ATOMGr CARD IS IDENTICALLY THE SAME AS THE IDENTITY CODE ON THE 
FOLLOWING ILMPLRATURE FACTOR CARO, NOTE THAT THE PROGRAM RECOGNIZES 
=U=, =3=» =BIJ=, AND rHETA= CARDS AND CONVERTS THEM INTERNALLY SO 
THAT THESE CARDS MAY *E DIFFERENT FOR EACH ATOM. 


B, CARD FORMATS FOR =LOAOAT= HROGRAM 
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OPERATION CARDS ARE DESCRIBED TN SECTION 2.GENERL-A, AnD THEIR FORMATS ARE 
GIVEN IN SECTION 2 • GEnERL-8 . THE POSITIONING OF THESE CAROS IS DICTATED BY 
THEIR FUNCTION. 

LOAOAT - CALLING CARD FOR ATOM PARAMETER LOADING ROUTINE. 

Format <A2»A4.1X,A2»A4,4(uX.Il) ) 

COLS SPECIFIED PUNCHING OR 1-UNCTION OF t h E FIELD 
1-6 LOADAT 

8-13 COMPOUND IDENTIFICATION CODE 

20 ( BLANK ) / < 1 ) FOR (A-PRIORI RUN ) / ( UPpATE ) 

25 (BLANK)/<1) FOR (INITIALIZE THE CONSTRAINT RECORD)/(DO NOT) 

30 (0>/(l)/(2)/(3 OR BLANX) FOR (OVERALL TEMPERATURE FACTOR )/( INDIVIDUAL 

ISOTROPIC )/ l INDIVIDUAL ANISOTROPI C ) / ( I NDI V IDuAL MIXED) 

****NOTE» BLANK INDICATES MIXED TF MODE 
35 ( BLANK ) / ( 1 ) FOR (DO NOT)/(DO) LOAD THE POSITIONAL STANDARD DEVIATIONS 

FROM THE ATOM CARDS. 

40 lO>/tl) FOR (NO ) / ( YES ) LONG LIST OF ATOMIC PARAMETERS 

SCALE - UPDATE F RLLAT I V£ SCAl E FACTORS. 

Format <a2.a4.f 10 . 4 . 14 ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-5 SCALE 

fc blank 

7-16 SCALE FACTOR TO APPLY TO F RELATIVE 

17- 2q GROUP IDENTIFICATION (1-64) 

GRID - FOURIER GRID CARD. 

Format (A2 f A4. ex,3i4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-4 GRID 
5-6 BLANK 

14-1-r NUMBER OF GRID INTERVAt S ALONG THE X AXIAL DIRECTION 

18- 21 GRID INTERVALS ALONG Y AXIAL DIRECylON 

22-25 GRID INTERVALS ALONG 2 AXIAL DIRECTION 

MAXHKL - LIMITS FOR FOURIER SUMMATION. 
format <A2»A4, /x,3i4»2F8.u) 

COLS SPEC I F I EU PUNCHING OR FUNCTION OF tHE FIELD 
1-6 MAXHKL 

14-17 MAXIMUM H TO BE USEU 
18-21 MAXIMUM K TU BE USEU 
22-25 MAXIMUM L T u BE USED 

28-33 MAXIMUM SIN ( THETA ) /LAMBDA (BLANK MEANS NO LIMIT) 

34-41 MINIMUM SIN l THETA ) /LAMHQA (BLANK MEANS NO LIMIT) 

LABEL - UPOATE FILL LABEL. 

FORMAT (A2,A4*16A4) 
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COLS SPECIFIED PUNCHING OR FUNCTION OF jHE FIELD 
1-5 LAHEL 
6 BLANK 

7-70 LABEL INFORMATION FOR I'ATA FILE 
EXTINC 

FOpMAT ( A2 » A4 > 1 1 0 . 3 ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1- 6 EXTINC 

7- 16 ISOTROPIC EXTINCTION FACTOR <G*100o> ( SEE 1 , DATRDN 1 

DISPER - TEMPLETON DISPERSION CORRECTION CARD. 

Format <A 2 . a4.ix,A4»2x,2Fh.3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD ! u 

1-6 DISPER 

a-n atom type <bee i.generd 

14-21 DELTA FJ PRIME 
22-29 DELTA FJ DOUBLE PRIME 

CELCON - CELL CONTENTS CARD. 

Format < A2»a4. ix, A 4#2x,F4.o.F7.3) 

cols SPECIFIED i uNCHlNG OR FUNCTION OF T HE FIELD 
1-6 CELCON 

8- 11 ATOM TYPE (BEE I.GENERD 

I 4 -I 7 NUMBER OF AIOMS OF SPECIFIED TYPE IN WHOLE UNIT CELL 
18-24 ATOMIC WEIGHT OF THE SPECIES 

OATOMS - ASYMMETRIC UNIT SHIFT CARD. 

Format ( A2r «4 . /x,3F8.4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-6 OATOMS 

14-2i FACTOR TO BE AUOEO TO »LL X PARAMETERS SUPPLIED (CAROS OR FILE) 

22-29 Y PARAMETER SHIFT " : 

30-37 Z PARAMETER SHIFT 

ATOM OP ATOMG - ATOM PARAMETER CARD. 

AN =ATOMG= CARO IS IDENTICAL TO An =ATOM= CARD SAVE THAT THE X, Y, Z, 
ARE DIVIDED BY THE THwEE PARAMETERS SUPPLIED ON A =GRID= CARD - USED 
TO AVOID CONVERTING FOURIER MAP COORDINATES. 

FoRMAT( A2. A4.1X,A4,A2»3F8.4.F6.4,F5,2,3F8.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 
1-5 ATOM OR ATOMG 
6 BLANK 

8-13 ATOM IDENTIFICATION < SF E I.GENERD 

14-21 X PARAMETER IN FRACTIONS OF A CELL EDGE 

22-29 Y PARAMETER IN FRACTIONS OF B CELL EDGE 

30-3? Z PARAMETER IN FRACTIONS OF C CELL EDGE 

38-43 ISOTROPIC TEMPERATURE FACTOR IF SUPPLIED IN THIS CARD — TREATED AS B 
ABOVE 0.3 AND AS U BELOW 0.3. B = 78.96»U. 

44 -ufl POPULATION PARAMETER OF THIS SPECIES AT THIS POlNT(BLANK IMPLIES 1.0) 
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49-56 STANDARD DEVIATION IN X 
57-64 STANDARD DEVIATION IN V 
65-72 STANDARD DEVIATION IN 7 

a, U, 8 1 J , AND BETA - TEMPERATURE FACTOR CARDS. 

NOTE... THE FIRST FORMAT OF =B=, =U=, =UIJ=, AND =BETA= CARDS ARE ALL THE SAME 

FORMAT <A2*A4»1X,A4*A2»6FH.4> 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-4 APPROPRIATE LABEL B, 8IJ, UlDr OR BETA 
5-6 BLANK 

8-13 ATOM IDENTIFICATION (SFE l.GENERL) 

(OR 8-1 3 COMPOUND IDENTITY IF THIS IS AN OVERALL FACTOR) 

14-21 B OR U OR UU OR BETA11 
22-29 B22 OR EQUIVALENT 
30-37 B33 OR EQUIVALENT 
38-45 812 OR EQUIVALENT 
46-53 B 1 3 OR EQUIVALENT 
54-61 B23 OR EQUIVALENT 

ATOMD - DELETE ATOMS FROM THE 8INARY FILE. 

Format <A2. a4. ix, A4*a2) 

COLS SPECIFIES. BUNCHING OR FUNCTION OF T HE FIELD 
1-5 ATOMD 
6 BLANK 

8-13 ATOM IDENTIFICATION (SEE l.GENERL) 

IF ATOM NUMBER IS OMITTED, THIS CA R D APPLIES TO ALL ATOMS OF THE STATED 
TYPE 

BLOCK - MATRIX BLOCKING CARO, BLOCK THE MATRIX PRIOR TO THE FIRST PARAMETER 
OF THIS AIOM. 

FoRMAT( A2, A4,1X,A4, A2) 

COLS SPECIFIED PUNCHING OR FUNCTION OF jHE FIELD 
1-5 BLOCK 
6 BLANK 

8-13 ATOM IDENTIFICATION (SfE l.GENFRL) 

REF OR NOREF - TO ESTABLISH SIGNALS IN THE FILE WITH RESPECT TO WHICH 
PARAMETERS ARE TO BE DEFINED UPON. 

Format (A2,a4,ix,A4,A2*13«3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

1-5 REF OR NOREF 
6 BLANK 

8-13 ATOM IDENTIFICATION (SEE l.GENERL). IF BLANK, THE CARD APPLIES TO 

ALL ATOMS, IF ONLY A TQM TYPE IS GIVEN, THE CARD APPLIES TO ALL ATOMS 
OF THE GIVEN TYPE. 

14-1 j, EACH FIELD MAY CONTAIN BLANKS OR ONE OF THE FOLLOWING LEFT JUSTIFIED 
SYMBOLS. X* Y, Z, B, mu, B22* t533> B12» B13, B23, M, S, D (M IS THE 
POPULATION PARAMETER, S THE NEUTRON SCATTERING FACTOR AND D THE 
DISPERSION CORRECTION ) IF ALL FIELDS ARE LEFT BLANK ALL QUANTITIES 
ARE ACTEU UPON. IF ANY FIELD IS PUNCHED ONLY THE PARAMETERS NAMED ARE 
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ACTED UPON. 

1 7-1 ci , 20-22 , 23-25* 26-28. 29-31. 32-34, 35-37, 38-40, 4l-43» 44-46, 47-49, 
50-52 (SYMBOL FROM ABOVE LIST) 

CONSTR - IMPOSE A CONSTRAINT BETWEEN THE SPECIFIED PARAMETERS, THE CONSTRAIN- 
ING EQUATION IS— 

P ( SU° ) = F *P ( R£F ) + s' 

WHERE F AND S ARE FLOATING POINT NUMBERS, P ( SUB ) IS THE SUBJECT 
PARAMETER. AND P ( REF 1 IS THE REFERENCE PARAMETER 
FoRMAT( A2» A4.1A.A4 , A2, IX, A4,A2.2A3,4X,2F10.2) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 CONSTR 

8-13 ATOM IDENTIFICATION (S*E 1 , GENFRL ) OF SUBJECT ATOM 
15-2n ATOM IDENTIFICATION (S^E 1 . GENFRL) OF REFERENCE ATOM 
21-23 PARAMETER OF SUBJECT ATOMiSEE =REF=/=NOREF= ) 

?4-2e. PARAMETER OF REFERENCE ATOMtSEK =REF=/=NOREF= > 

31-40 F FOR CONSTRAINING EQUATION 
41-50 S FOR constraining equation 

delhkl - DELETE VARIOUS reflections BASED UPON general. PARAMETERS (MAX OF 1 

ALLOWED) 

FORMAT (A2, A4> -X, II ,2X,6I3,7F.5.0* 110) 

COLS SPECIFIED PUNCHING OH FUNCTION OF THE FIELD 
1-6 DELHKL 

10 (DO NOT )•/ ( DU ) LIST REFLECTIONS 


13-1-5 

MINIMUM 

VALUE 

OF 

H 

TO 

HE 

RET A I LEU 

IN 

FILE 



16-18 

MINIMUM 

VALUE 

OF 

K 

TO 

HE 

retained 

IN 

FILE 



l9-2t 

M I N I MUM 

VALUE 

OF 

L 

TO 

HE 

retained 

IN 

FILE 



22-24 

MAXIMUM 

VALUE 

OF 

H 

TO 

HE 

retained 

IN 

FILE 



25-27 

maximum 

VALUE 

OF 

K 

TO 

HE 

retained 

IN 

FILE 



28-30 

maximum 

VALUE 

OF 

L 

TO 

he 

RETAINED 

IN 

FILE 



31-3E 

MINIMUM 

VALUE 

OF 

SIN 

T W ET A/L AMHDA 

TO 

BE RETAINED 

IN 

file 

36-40 

maximum 

VALUE 

OF 

SIN 

THETA/LAMPDA 

TO 

be retained 

IN 

FILE 

41-45 

minimum 

VALUE 

OF 

FREL 

10 

BE RETAINED 

in file 



46-50 

maximum 

VALUE 

OF 

FREL 

TO 

BE RETAINED 

IN FILE 



51-55 

MINIMUM 

VALUE 

OF 

E 

TO 

HE 

RETAINED 

IN 

FILE 



56-60 

maximum 

VALUE 

OF 

E 

TO 

HE 

retained 

IN 

FILE 




61-65 NUMBER OF S I ANDARO DEVIATIONS OF SIGMA F RELATIVE WHICH WHEN CHECKED 

against f relative will cause reflection to be rejected. 

66-75 MAXIMUM NUMBER OF REFLECTIONS TO BE C0PIE0 TO OUTPUT FILE (BLANK r 
10 ** 6 ) 

****NOTE THE =DELHKL= CARD WILL CAUSE =EDlT= CARDS TO FAIL IF ANY REFLECTION IS 
ELIMINATED WHICH IS LATER CODED TO BE EDITED, 


EDIT - EDIT CARD FOR MODIFYING REFLECTIONS AT FC TIME.- H, K> L VALUES MUST 
BE SUPPLlEO IN EXACT ORDER ON tJUF * i ■ - 

ALLOWED). 

Format <A2.A4,ix.5I5.2Fio,5) 
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COLS SPECIFIED PUNCHING OR (-'UNCTION OF THE FIELD 
1-4 EDIT 
5-6 BLANK 

8-12 H OF REFLEC I ION NEED I NO CHANGE 
1 3-1 7 K OF REFLECTION NEEDIN'- CHANGE 
18-22 L OF REFLECTION NEEDIN'- CHANC-E 

(NOTE.. LEAVING ANY ONE OF THE FIElDS IN COLS 23-52 BLANK WILL CAUSE 
=LOADAT= TO USE OLD VA( UES 

23-2? NEW JCODE STATUS ( 1 ) / ( 2 ) / ( 3 ) / ( 4 ) / < 5) FOR ( OBSERVED )/( UNOBSERVED ) / 
(EXTINCT)/(1GN0REQ)/(SYST£MATICALLY EXTINCT) 

**** NOTE, A ZERO PUNCHED IN COLUMN 27 WILL CAUSE THE REFLECTION TO 3E 

deleted. 

28-32 NEW LEVEL INUICATOR (1 TO 64 ALLOWED) 

33-42 NEW F RELATIVE 

43-52 NEW LEAST SUUARES WEIGHT 

END - END CARD. 
format (A2»a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 blank 
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A. card order summary for =ls^pl= program 


LSOPL PROGRAM CALLING CARD 

♦CELL UNIT CELL PARAME i ERS (SEE NOTE l) 

♦CELLSD STANDARD DEVIATIONS IN UNIT CELL PARAMETERS (SEE NOTE 1) 

ATOM ATOMIC PARAMETERS (SEE NOTES 2 AND 3) 

♦PLANE JUST LIKE rLSOPL" CARD BUT PRECEDES GROUPS OP OTHER rPLANE= CAROS 

FOR GETTING ANGLES BETWEEN PLANES 

end end card 


♦ THESE cards are optional 


♦♦*♦ REAOS =NFILEAr IF NO =CELL= CARD IS USED ♦♦♦* 


NOTE 1 - THE =CELL= CARO HAS A VERY IMPORTANT FUNCTION OTHFR THAN PROVIDING 
CELL PARAMETERS. IF THE =CtLI.= CARD IS OMITTED, THE PROGRAM WILL 
AUTOMATICALLY EXPECT »N X-RAY SYSTEM b I NARY DATA FILE ON =NFILEA= FROM 
WHICH CELL DATA WILL RE OBTAINED. IF A =CELL= CARD IS GIVEN, NO FILE 
WILL BE USED AS INPUT. THE QUANTITIES MUST BE THE DIRECT CELL 
CONSTANTS. THE =CELLSD= CARD IS USED TO SUPPLY THE STANDARD 
DEVIATIONS IN EACH OF THE UNIT CELL PARAMETERS IF THESE ARE NOT 
AVAILABLE FROM THE BINARY DATA FILE, 03 TO OVERRIDE THE VALUES FOUND 
IN THE FILE, UNLIKE THE =CELl= CARD, A =CELLSD= CARD DOES NOT 
INFLUENCE I HE ACTION np THE PROGRAM in DECIDING v/HERE TO LOOK FOR THE 
ATOMIC PARAMETERS. IT IS ALSO IMPORTANT TO NOTE THAT, WHEN ATOMIC 
PARAMETERS are BEING INPUT FROM CARDS, IT IS NOT NECESSARY TO REPEAT 
THE =CELL= CARD AFTER EACH =PLANE = CARD. IF, HOWEVER, A DIFFERENT 
COMPOUND ID is ENCOUNTERED ON A rpLA NE = CARD, A = CELL= CARD FOR THE 
NEW COMPOUND IS THEN REQUIRED. 


NOTE 2 - IF A =CELL= CARD IS PROVIDED, ATOM PARAMETERS MUST BE SUPPLIED ON 
=ATOM= CARDS. IF NO =CELL= CARD ]S PROVIDED, THE MINIMAL FUNCTION 
OF rATOM= CAROS IS TO GIVE ATOM lOENTIFICATIONA FOR ATOMS INVOLVED 
IN THE CALCULATION. TF AN =ATOM= CARD IS OTHERWISE BLANK (EXCEPT 
FOR ATOM IDENTIFICATION, E.G, C 3), THE ATOMIC PARAMETERS WILL BE 
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PICKED UP FROM THE binary data FI l E. IF the PARAMETERS FOR an Atom 
APE GIVEN UN THE =ATO«= CARD, THEy WILL TAKE PRECEDENCE OVER FILE 
PARAMETERS. IF AN X CORDINATF IS GIVEN ON THE =ATOM= CARD. THEN 
THE Y AND C COORDINATES MUST ALSO BE GIVEN ON THE =ATOM= CARD. IF 
AN ATOM IDENTIFICATION ON AN =ATOM= CARD CANNOT BF MATCHED WITH AN 
ATOM IDENTIFICATION In THE BINARY DATA FILE, THE PROGRAM ft ILL USE THE 
IDENIIFICA I ION AND THE ATOMIC PARAMETERS ON ThE rATOMr CARD (USED, 

FOR EXAMPLE., WITH ATO'-S NOT IN THE ASYMMETRIC UNIT). 

NOTE 3 - THERE MUST BE AT LEAST (Nil =ATOM= CARDS SUPPLIED, WHERE (Nl) IS THE 

NUMBER OF ATOMS DEFINING THE PLANE OR LINE (AS SPECIFIED IN COLS 16-19 
OF THE =LSGPL= CARD). IF MORE THAN (Nl) =ATOM= CARDS' ARE PROVIDED, 

THE FIRST INI) WILL BF USED IN THE LEAST SQUARES LINE OR PLANE 
CALCULATION AND FOR T W E REMAINING ATOMS THEIR DISTANCE FROM THE LINE 
OP Pl-ANE WILL BE CALCULATED. THE PROGRAM LIMITS CALCULATIONS TO A 
MAXIMUM OF 200 ATOMS DEFINING THE LINE OR PLANE, AND TO A MAXIMUM OF 
200 =ATOM= CARDS SUPPLIED AFTER T H E FIRST (Nl) =ATOM= CARDS. 

NOTE 4 - THE SEQUENCE =LSQPL=, =C£LL=, =AToM=» =PLANE=, =ATOM=, =PLANE=, ETC., 
...=ENO= IS USED TO CALCULATE MANy PLANES AND THE ANGLES BETWEEN THEM. 
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B, CArD FORMATS FOK =lsqpl= PROGRAM 


OPERATION CARDS ARE DESCRIBED TN SECTION 2 . GENERL-A t AND THEIR FORMATS ARE 
GIVEN IN SECTION 2.UENEKL-B. THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

LSQPL - CALLING CARD FOR LEAST SQUARES LINES AND PLANES, ' ' 

FORMAT (A2#A4,1X,A2.A4*1X*U»1X»I3.2I2> ■ > 

COLS SPECIFIED PUNCHING OR FUNCTION OP THE FIELD 
1-5 LSQPL. 

6 BLANK ■ • 

8-13 COMPOUND IDENTIFICATION' COOE 
15 ( 1 ) / ( 2 ) FOR L.S. (LINE)/ (PLANE) 

17-19 NUMBER OF AIOM CARDS OF ATOMS TO DEFINE (OR MAKE UP> THE L.S. LINE OR 
PLANE 

20-2 1 (0)/(l) for ( 1GN0RE0)/(CAUSES CALCULATION OF ANGLES between this 

LINE OR PLANE AND ANY PRECEDING LINES AND/OR PLANES CODED NON-ZERO) 

22-23 (0)/(l) FOR (IGNORED)/(CAUSE5 CALCULATION OF L.S. LINE OR PLANE WITH 
ATOMS PROVIDED AS INPUT PLUS THE AjOMS RELATED TO THE GIVEN ATOMS 
BUT GENERATED THROUGH THE ORIGIN AS A CENTER OF SYMMETRY) 

CELL - CELL CONSTANT CARD. 

FORMAT (A2»A4*1X#A2»A4*3FA,3»3F9.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-4 CELL 
5-6 BLANK 

8-13 COMPOUND IDENTIFICATION CODE 
14-21 A CELL DIMENSION 
22-29 B CELL OIMEMSION 
30-37 C CELL DIMENSION 
38-46 COS ALPHA 
47-55 COS BETA 
56-64 COS GAMMA 

CELLSO - STANDARD DEVIATION OF UNIT CELL PARAMETERS. 

FORMAT (Aa, A4.1X.A4, A2.3F8.3, 3F9.5) 

COLS SPECIFIED PUNCHING OH FUNCTION OF THE FIELD 
1-6 CEILSD 

8-13 COMPOUND IDENTIFICATION COOE 

14-2i STANDARD DEVIATION IN n CELL DIMENSION (ANGSTROMS) 

22-29 STANDARD DEVIATION IN h CELL DIMENSION (ANGSTROMS) 

30-37 STANDARD DEVIATION IN C CELL DIMENSION (ANGSTROMS) 

38-4g STANDARD DEVIATION IN COS ALPHA CELL DIMENSION 
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47-55 STANDARD DEVIATION IN COS BETA CELL DIMENSION 
56-54 STANDARD DEVIATION IN COS GAMMA CELL DIMENSION 


ATOM - ATOM PARAMtTER CARO, 

Format <A2»A4#lX,A4#A2 f 3FP.5,llX,3F8.5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-4 ATOM 
5-6 BLANK 

P-13 ATOM IDENTIC ICATION (SEE l.GENERL) 

14-21 X FRACTIONAL COORDINATE 
22-2P Y 
30-37 Z 

49-56 STANDARD DEVIATION IN v t BLANK = 0.01 ANGSTROM) 

57-64 STANDARO DEVIATION IN Y (BLANK = Q.C1 ANGSTROM) 

65-7? STANDARD DEVIATION IN 7 (BLANK = 0,01 ANGSTROM) 

PLANE - IDENTICAL 10 FORMAT OC =LS<3PL= - USED WHEN A WHOLE SERIES OF PLANES 
ARE TO HE CALCULATED IN ORDER TO gET THE ANGLES BETWEEN THEM. 

END - END CARD, 

Format (A2*a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CARO ORDER SUMMARY FOR =M0I’IFY= PROGRAM 


MODIFY 

PROGRAM CALLING 

CARD 

*MODFIL 

MODIFY SPECIFIED 

ENTRY 

*moqref 

MODIFY SPECIFIED 

REFLECTION 

END 

END CARD 



* THESE cards are OPTIONAL 

***** READS =nfilea= * * * * ***** 

***** WRITES =NFILEt>= ***** 

***** OPTIONALLY PUNCHES CARDS on =NFILEC= (SEE COL 15 OF =MoDIFY= CARtj ) 

t 


***** 
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«. CAPO FORMATS FOR =MOOIFY= PROGRAM 


OPERATION CAROS ARE DESCRIBED IN SECTION 2 GEnERL-A, AnO THEIR FORMATS ARE 
GIVEN IN SECTION 2 . GENERL-B , THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION, 

MOOIFY - PROGRAM CALLING CARD, 

Format (A2*A4»ix,A2,A4»I2»I5,3Fio.5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-6 MODIFY 

0- 13 COMPOUND IDENTIFICATION CODE 

14-15 (BLANK )/(l)/(2)/(3) U'O NOT REPLACE F RELATIVE WITH A VALUE DERIVED 

FROM FC)/(UU REPLACE F RELATIVE WITH A VALUE DERIVED FROM FC)/( IMPLIES 
THAT IN ADDITION TO REPLACING F RELATIVE » THE PHASE OF FC IS TO BE 
STORED IN THE CALCULATED PHASE WORD > / < I MPl I ts THAT , IN ADDITION, 

=HKL= REFLECTION CARDS BE PUNCHED FOR OTHER USES) 

16-20 <BLANK)/(N) (UO NOTJ/U’O) LIST WORDS MODIFIED, N IS THE MAX. NUMBER 
OF LII4ES TO LIST TO OB'-IATE MASSIVE OUTPUT. 

2l-3o PERCENTAGE random ERROR TO BE PLACfD in GENERATED F RELATIVES 

31- 40 THRESHOLD INTENSITY (I.E. GENERATED I*S SMALLER THAN THIS VALUE WILL BE 

CODED AS LEbS-THANS. NOTE THAT THE OLD BINARY DATA FILE MUST CONTAIN 
1/LP) . 

41-50 SCALE TO BE APPLIED TO F RELATIVE TO CHANGE IT FROM SCALE OF FC 
(FOR GENERA I ION OF A P^ONY SET OF DATA) 

MODFIL - MODIFY SPECIFIED ENTRY. 

FORMAT <«2*A4,11X,I2,I4,4 v ,I4,I9,F10.5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

1- 6 MODFIL 

16—19 NU M B£R OF LOGICAL RECORD TO BE ALTeREO 
20-23 NUMBER OF PHYSICAL RECORD TO BF ALTERED 

(NOTE- THIS IS THE VALUE OF THE RECORD SEQUENCE NUMBER AS KEPT IN 
WORD 2 OF THE RECORD, I.E. 0 FOR A LOGICAL RECORD WHICH ONLY CONTAINS 
1 PHYSICAL RECORD, 0 FOR THE LAST RECORD WHEN MANY PHYSICAL RECO&QS 
EX I ST » OTHERWISE THE SfQUENCE NUMBER OF THE RECORD - SEE APPENDIX-6) 

28-31 NUMBER OF WORD TO BE RFPLACED IN THE SPECIFIED RECORD 

32- 40 FIXED POINT QUANTITY THE CHOICE IS MADE ON THE BASIS 

41-50 FLOATING POINT QUANTITY OF NON-ZERO - IF BOTH ARE NON- 

ZERO, FIXED POINT IS STORED 

\ 

MODREF - MODIFY SPECIFIED REFLECTION. 
format <A2,a4,hx,4I4, I9,fi o . s j 
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COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-6 MODREF 

16-lq H INDEX OF KEFLECTION TO BE MODIFIED 

20-23 K INDEX OF KEFLECTION TO BE MODIFIED 

24-27 L INDEX OF KEFLECTION TO BE MODIFIED 

29-31 NUMBER OF RtLATIVE WORD IN REFLECTION RECORD TO BF REPLACED. SEE 
APPENDIX 6 FOR FORMAT OF BINARY DATA FILE. 

32-40 FIXED POINT QUANTITY THE CHOICE IS MADE ON THE BASIS 

41-50 FLOATING POINT QUANT ITv OF NON-ZERO. IF BOTH ARE NON- 

ZERO, FIXED POINT IS STORED 

END - END CARD, 

FORMAT (A2,A4) 


COLS SPECIFIED PUNCHING OK FUNCTION OF T HE FIELD 
COLS SPECIFIED PUNCHING OR FUNCTION OF jHE FIELD 
4-6 BLANK 
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A. card ORDER summary FOR =NO*MSF= PROGRAM 


NORMSF 

♦EPSILON 

♦CELCON 

END 


PROGRAM CALLING CARD 

ZONE WEIGHTING F«CTORS 

UNIT CELL CONTENTS (ONE PER ATOM TYPE) 

END CARD 


♦ THESE CARDS ARE OPTIONAL 

***** READS =NFILEA= ***** 

***** WRITES =NFlLEt>= ***** 

***** POSSIBLY SCRAICHES ON =NAILEE= (SEE SECTION 1, NORMSF) ***** 

(I.E. IF MORE THAN 5*000 REFLECTIONS ARE IN THE BINARY DATA FILE) 
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B, CARD FORMATS FOK =NORMSF= PROGRAM 


OPERATION CAROS ARE DESCRIBED IN SECTION 2.GENERL-A, ANO THEIR FORMATS ARE 
GIVEN IN SECTION 2 • GENERL-B , THE POSITIONING OF THESE CAROS Is DICTATED BY 
THEIR FUNCTION. 

NORMSF - PROGRAM CALLING CARO. 

FORMAT (A2. A4, 1*,A2,A4, IP . ? I 5 # 5X . 4F 10 . 3 > 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 NORMSF 

8-13 COMPOUND IDENTIFICATION CODE 
15 NUMBER OF ISOTROPIC CORRECTION CvCLES <BLANK=1> 

20 NUMBER OF ANISOTROPIC CORRECT I ON CyCLES <BLANk=5> 

25 (BLANK) /<1 )/ <2) LIST (F VALUES . 0>T , 1.0)/(NO E VALUES)/(AlL £ VALUES) 
31-40 SIN THETA/LAMBDA MAXIMUM FOR DATA (MUST BE SUPPLIED - CAN BE USED 
TO LIMIT SPHERE OF Data ENTERED INjO THE CALCULATION) 

41-5(1 FREL SCALE APPLIED TO l.ESS THAN’S (BLANK ASSUMES THAT LESS THANS 
ENTERED AT UNOHS. THRESHOLD ANO SCmLE WILL BE TAKEN AS 0.707) 

51-6n MINIMUM FREL TO BE ENTFREO INTO CALCULATION ( BLANK: 0 . 0 ) 

61-70 DAMPING F AC I OR FOR ISO- AND ANISOTROPIC CORRECTIONS (BLANK:. 75) 

I 

EPSILON - ZONE WEIGHTS CARD - SHOULD BE OMITTED. THE CURRENT VALUES ! 

ARE CALCULATED BY :U«TRUN: AND AND STORED IN :NFILEA:. 

AN EPSILON CARD MAY *E USED TO WEIGHT CLASSES OF REFLECTIONS 
AS SHOWN, 

Format (A2#A4#4X,i4F5.0) 


COLS 

SPECIFIED PUNCHING OR FUNCTION OF THE 

FIELD 

1-7 

EPSILON 





11-15 

EPSILON 

FOR 

H00 

) 


16-20 



0K0 

) 


21-25 



OOL 

) ANY ENTRY WHICH IS 

blank OR 0 

26-30 



HKO 

) WILt BE TREATED AS 

1.0# OTHERWISE 

31-35 



HOL 

) AN ENTRY SHOULD BE 

positive 

36-40 



OKL 

> 


41-45 



HKL 

) 


46-50 

EPSILON 

FOR 

HHO 

) 


51-55 



HOH 

) IF THESE ENTRIE s (COLS 46-80> ARE 

56-60 



OKK 

) LEFT BLANK REFLNS. 

WILL BE CONSID- 

61-65 



HHL 

) EREU ONLY IN THE classes ABOVE, if 

fcS— 7 o 



HKH 

) ANY ENTRY IS NONZERO THE REMAInOING 

71-75 



HHH 

) BLANKS AND OS WILL 

BE TREATED AS 1.0 

76-80 



HKK 

) 



CELCON - CELL CONTENTS CARD. 

FORMAT <A2#A4»1X,A4»2X#F4.0#F7.3) 
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COLS SPECIFIED PUNCHING OK FUNCTION OF ThE FIELD 
1-6 CEL CON 

8-11 ATOM TYPE IbEE l.GENERL) 

14-17 NUMBER OF A I OMS OF SPECIFIED TYPE JN WHOLE UNIT CELL 
18-24 ATOMIC WEIGuT OF THE SPECIES 

END - END CAKD. 

Format (A2»A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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CARD ORDER SUMMARY for sP'AMAMs program 


PARAM PROGRAM CALLING CARD 

CELL CELL CONbTANT CARD 

theta two theta uata card 

end end card 
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B, CARO FORMATS FOK =P ARAM= PROGRAM 


OPERATION cards are described IN SECTION 2 , GEnERL-A ( AND their formats 
ARE GIVEN IN SECTION 2 . GENERL-” . THE POSITIONING OF THESE CARDS IS 
DICTATED BY their FUNCTION. 

PARAM _ CALLING CARU FOR LEAST SQUARES CELL PARAMETER REFINEMENT PROGRAM, 
Format <A2/A4,ix,A 2. A4»2X*2Fia,7,A2. A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 PARAM 
6 BLANK 

8-13 COMPOUND IDENTIFICATION CODE 
16-25 WAVELENGTH UR RADIATION USED 

26-35 CORRECTION 10 B£ APPLIED TO THE TWO THETA VALUES CONTAINED ON THE 
=THETA= CARDS ?0R CONVERSION TO TR(j£ TWO THETAtS 
36-41 LATTICE TYPt IOENTIF IC ft TION CODE ACCORDING TO THE FOLLOWING - 
TRICLI TRXCLINIC 
MONOCL - MONOCL I NIC 
ORTHOK - OR I HO RHOMB I C 
TETRAD - TEIRAGONAL 
CUBIC - CU«IC 

TRIGRH - TRIGONAL ( RHO"BOHEDRAl. INDEXING) 

HEXAGO - HEXAGONAL 

TRIGHX - TRIGONAL (HEXAGONAL INDEXING) 

IF THE LATTICE TYPE PROVIDED IS BLANK OR ILLEGAL, A TRICLINIC LATTICE 
WILL BE ASSUMED 

CELL - CELL CONSTANT CARO. 

Format (A2»A4,1X,A2#A4,3F8.3,3F9.5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-4 CELL 
5-6 BLANK 

8-13 COMPOUND IDENTIFICATION CODE 

14-2i A CELL DIMENSION 

22-29 B CELL DIMENSION 

30-37 C CELL DIMENSION 

38-46 ALPHA OR COSINE ALPHA 

47-55 BETA OR COSINE (BETA) - IF A MONOClINIC LATTICE WITH BETA UNIQUE. DO 

NOT SET BETA EQUAL TO “0.0 DEGREES (OR A COSINE OF 0,0) BECAUSE BETA IS 
TESTED TO DETERMINE IF IT OR GAMMA IS TO BE REFINED. 

56-64 GAMMA OR COSINE (GAMMA) 


THETA - TWO THETA DATA CARO. 

Format (A4.A2,yx,3i4,3Fio.6) 
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COLS SPECIFIED PUNCHING OR FUNCTION OF 7 HE FIELD 

1-5 THETA 

6 BLANK 

I 6 -I 0 H INDEX 

20-23 K INDEX 

24-27 L INDEX 

28-37 TWO THETA 

38-47 STANDARD DEVIATION OF TWO THETA - IF ZERO OR BLANK t O.Ol IS SUPPLIED 
48-57 WAVELENGTH IF DIFFERENT FROM VALUE ON PARAM CARD 

ENO - END CARD. n 

Format <a2»ai*) 

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 

1-3 END • ’ 

4-6 BLANK 
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A. CARO ORDER SUMMARY FOB PROG H AM TO SFARCh FOURIER MApS, 


PEKpIK PROGRAM CALLING CARH 

END SIGNALS PROGRAM TO ^EGIN CALCULATION 

***** READS =NFILEA= ***** 

***** READS =nFILEE= (=NFILEE= WILL HAVE BfEN WRITTEN PREVIOUSLY BY 
=FGURR= - SEE COLS 17-19 OF =FoURR= CARD) ***** 

***** OPTIONALY PUNCHES CARDS UN =NFILEC= (SEE COLS 44-48 OF =pEKPIK= CARQ) *** 
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t). card formats for peak searching PROGRAM. 


OPERATION CAROS ARE DESCRIBED TN SECTION 2 . GENERL - A, AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 , OENERL-8 , THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

PEKPIK - CALLING CA*D FOR PEAK SEARCHING PROGRAM. 

Format* i3x,2Fiu.5.4i5»Fio.5) 

COLS SPECIFIED PUNCHING OR t-UNCTION OF T HE FIELD 
1-6 PEKPIK 

6-13 COMPOUND IDENTIFICATION CODE 

14-23 UPPER) LIMITS BETWEEN WHICH SEARCH IS TO BE SUPPRESSED 
24-33 LOWER) (TO AVOIU HIPPIES) - THIS IS THE SAME FUNCTION AS 
T HE =MAP= CARD OF =F0URR= SO THAT IF THESE FIELDS 
ARE LEFT 8LANK VALUES FROM THE =MAP= CARD WILL BE USED 
, (FROM =NFILEE=> 

34-3r NUMBER OF UNIQUE PEAKS EXPECTED (PLANK OR 0 z 25 PEAKS) 

39-43 MAXIMUM NUMBER OF PEAKS TO BE SOUGHT (BLANK OR 0 r 100) 

44-46 (BLANM/d) - (00 NOT)/(UO) PUNCH =ATOM= CARDS 
FOR PEAKS LUCATEU DURING SEARCH 

49-53 (BLANK)/(1) - (DO NOT ) / ( DO ) SEARCH FOR HOLES AS WELL AS PEAKS 
54-63 DESIRED RESOLUTION BETWEEN PEAKS - NEVER USE A VALUE LESS THAN THE 
RESOLUTION OF THE FOURIER MAP BEING SEARCHED 
(BLANK OR ZERO s 0.75 "NGSTROM UNITS) 

END - END CARD. 

FORMAT ( A2 • A4 ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CApD ORDER SUMMARY FOR =PH.«SE= PROGRAM 


PHASE PROGRAM CALLING CARO 


♦define 

♦IGNORE 

♦tSADEQN 

♦BADSIG 
♦hkl 
♦ ♦eqn 
END 


DEFINES THE PHASE OF A SPECIFIED REFLECTION 

CAUSES A SPECIFIED REFLECTION TO BE IGNORED IN SOLUTION PROCESS 

REMOVES A SPECIFIED EGUATION DERIVED FROM Two SIGMA-TWO 
RELATIONSHIPS FRO'* THE SET USED IN SOLUTION PROCESS 

REMOVES A SPEC IF It- 0 SIGMA-TWO RELATIONSHIP 

PERMITS LOADING Ot- E VALUES FROM CARDS 

‘PERMITS LOADING OF SIGMA-TWO DERIVED EQUATIONS FROM CARDS 

end caku 


♦ THESE CAROS ARt OPTIONAL 

♦* SIGMA-TWO RELATIONSHIPS m UST BE SUPPLIED IF =HKL= CARDS ARE SUPPLIED. 

***** READS =NFILEA= IF NO =HKL= CARDS ARE PRESENT ***** 

***** OPTIONALLY WRITES =NFILEH= (SEE COLS 18-21 OF =PHAS£r CARD) ***** 

***** OPTIONALLY PUNCHES CARDS ON =NFILEC= (SEE COLS 14-17 OF =PHASE= 

CARD) ***** 

***** SCRATCHES ON =NFILEF= ♦*♦** 

***** SCRATCHES ON =NFILEG= ***** 

***** POSSIBLY SCRAICHES ON =N*ILEH= (SEE COLS 50-53 OF =PHASE= CARD) ***** 
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B. CARD FORMATS FOK =PHASE= PROGRAM 


OPERATION CAROS ARE OESCRIBEl) IN SECTION 2 GENERL-A. AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 • GENERL-B » THE POSITIONING OF THESE CAROS IS DICTATED BY 
THEIR FUNCTION. 

PHASE - CALLING CARD FOR PHASE. 

FaRMAT (A2# A4»iX, A2f A4.4IU »2F6.4,?II4,F6.4) 

COLS SPECIFIED PUNCHING OR EUNCTION OF -[HE FIELD 
1-5 PHASE 
6 BLANK 

8-13 COMPOUND IDENTIFICATION CODE 

14-17 (BLANK)/<l>/<2) (NO PUNCHED PHASES) / (PUNCH =HKL= C AROS )/( PUNCH 
=MODREF= CAKOS FOR SUBSEQUENT USE WITH =MODIFY=> 

18-2i (0>/(l> ( Ou NOT ) / ( DO ) WRITE NEW BINARY DATA FILE WITH DETERMINED 

PHASES INCLUUEU 

22-25 (BLANK)/(M) (DO NOT)/(DO) IGNORE iiP TO N UNDEFINED GENERATORS AND 
PROCEED WITH LIMITED S''LUTlON, 

26-20 NUMBER OF LARGEST E VAUJE REFLECTIONS TO BE 'GENERATORS’ 

3C-3s MINIMUM PROUABILITY TO ACCEPT A RELATIONSHIP FROM =SIGMA2= 

36-41 MINIMUM t V«LUE FOR WHICH A PHASE IS TO BE DETERMINED 
42-45 THE NUMBER OF HIGHEST F • S TO BE ALLOWED IN THE SOLUTION FOR THE 
GENERATORS (BLANK r 99‘*9) MUST BE GREATER THAN COLS 26-29 ABOVE. 

46-49 MAXIMUM NUMBER OF CYCLES OF REFINEMENT TO ATTEMPT TO PRODUCE A SOLUTION 
- 10 MAXIMUM (I.E. FEWER DISCREPANT THAN ACCORDANT) 

50-53 (0)/(l) ( DO ) / ( DO NOT) SORT SIGMA-TwO RELATIONSHIPS BEFORE ATTEMPTING 

SOLUTION (SORTING WILL REQUIRE -NF ILEHr ) 

54-59 FRACTION OF PHASE DETERMINATIONS WHICH MUST AGREE TO INDICATE 

ACCEPTANCE OF A ’GENERATED* PHASE {0 OR BLANK = 0.59 I.E. 3 OUT OF 5 
MUST AGREE) 

DEFINE - REFLECTIONS TO BE DEFINED WITH RESPECT TO PHASE. 
format <A2» a4»vx,4I4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

1-6 DEFINE 

16-1q H INDEX 

20-23 K INDEX 

24-27 L INDEX 

28-31 + OR - 1 TO INOICATE COSINE OF DEFINED PHASE 

IGNORE - REFLECTIONS TO BE IGNORED IN PROCESS OF PHASE DETERMINATION ELIMINATES 
ALL SIGMA IWO RELATIONSHIPS WHICH INVOLVES THIS REFLECTION. 

Format ia, 2»a4*9x,3I4) 
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COLS SPECIFIED PUNCHING OR p UNCTION OF fHE FIElD 

1-6 IGNORE 

16-lq H INDEX 

20-23 K INDEX 

24-27 L INDEX 

tJAoEON - ELIMINATES A SPECIFIEn RELATIONSHIP FROM USE DURING THE SOLUTION 
PROCESS. 

Format <A2. A4.yx.5I4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 BAQEQN 

16-la FIRST SYMBOLIC PHASE NUMBER 
20-23 SECOND SYMBOLIC PHASE "'UMBER 
24-27 THIRD SYMBOLIC PHASt NUMBER 

26-31 FOURTH SYMBOLIC PHASE NUMBER (IF NEEDED FOR A RELATIONSHIP OF THE 
SECOND KIND) 

32-35 SIGN OF THE RELATIONSHIP 

BAOSIG - ELIMINATES SPECIFIED 5IGMA TWO RELATIONSHIPS FROM USE DURING THE 
SOLUTION PROCESS. 

FORMAT (A2fA4.YX.4l4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 BAOSIG 

16- 19 FIRST SYMBOLIC PHASE NUMBER 
20-23 SECOND SYMBOLIC PHASE "’UMBER 
24-27 THIRD SYMBOLIC PHASt NUMBER 
26-31 SIGN OF RELATIONSHIP 

HKL - STANDARD X-ray SYSTEM REFLECTION input card. 

FORMAT <A2,A4,1X,A2»A4,3IX,36X,F4.3.10X,I4) 

cols SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 HKL 
4-6 BLANK 

8-13 COMPOUND IOtNTIFICATION CODE 
14-lf, H 

17- 19 K 
20-22 L 

59-62 NORMALIZED STRUCTURE FACTOR 

73-76 ASSIGNED SYMBOLIC PHASF AS AN INTEGER 

EQN - A SI 6MA-TWU RELATIONSHIP 
FORMAT (A2.A4.YXf4I4.F7, 5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 EON 
4-6 BLANK 

16-19 SYMBOLIC PHASE ONE 

20-23 SYMBOLIC PHASE TWO 

24-27 SYMBOLIC PHASE THREE 

26-31 + OR - 1 FOR SIGN OF RELATIONSHIP 

32-38 PROBABILITY OF THE RELATIONSHIP BEiNG TRUE 
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END - END CARD. 

FORMAT (A2.A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CARO ORDER SUMMARY FOR =RE''I£W= PROGRAM 

REVIEW - PROGRAM CALLING CARD 
END - END CARD 

***** READS =NFILEA= ***** 
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B.CARD formats for =review= RPOGRAM 


OPERATION CAROS ARE DESCRIBED IN SECTION 2.GENEKL-A, AND THEIR FORMATS 
ARE GIVEN IN SECTION 2.GENEKL-H, 'THE POSITIONING OF THESE CARDS IS 
DICTATED BY THEIR FUNCTION. 


REVIEW PROGRAM CALLING CARO 

FORMAT! A2* A4,1X,A2,A4#211.F5.2i9IP) 


COLS SPECIFIED PUNCHING OR C UNCT 1 ON OR THE FIELD 
1-6 REVIEW 

8-13 COMPOUNO IDENTIFICATION COOE 

14 (BLANK/1) (DO NOT/UO) SUBSTITUTE INTO ALL TRIPLETS FORMED 

BY =SINGEN=. 

lb ( BLANK/ 1/2 ) PRINTED OUTPUT CONTR 0 L 

(LIST ONLY TRIPLETS wITH COSINES .LT. 0)/ 
(LIST ONLY THE TRIPLETS WRITTEN BY = APHAsE=>/ 
(LIST ALL TRIPLETS SUBSTITUTED INTO) 

16-2n MINIMUM -E- VALUE TO Bt CONSIDERED 
21-25 FIRST -A- MINIMUM ) FOR COSINE DISTRIBUTIONS 
26-30 SECOND -A- MINIMUM ) MUST PE IN DECREASING 

. ) ORDER. 

, ) FIRST ZERO OR BLANK 

. - ) FIELD REGARDED AS 

61-65 NINTH -A- MINIMUM > THE LAST, 

END END CARO 

FORMAT <A2#A4) 

COLS SPECIFIED PUNCHING OK FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CARD ORDER SUMMARY FOR =RLTST= PROGRAM 


RLIST PROGRAM CALLING CARO 
♦SCALE SCALE CARD FOR F RELATIVE DATA 

♦SETMAT EULERIAN CRADLE SETTING MATRIX (ONLY REQUIRED IF A FOLLOWING 
=CATEGOr CARD CALLS FOR REGIONS OF CHI OR PHI 

♦CATEGO TO OBTAIN R VALUES FOR CERTAIN SPECIFIED CATEGORIES 

END END CARD 

* THESE CARDS ARE OPTIONAL 

***** READS =NFILEA= ***** 
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B . CARD FORMATS FOK =RLlSTr PROGRAM 


OPERATION CARDS ARE DESCRIBED TN SECTION 2.GENERL-A. AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 , GENERU-B , THE POSITIONING OF THESE CARDS Is DICTATED BY 
THEIR FUNCTION, 

RLIST - CALLING CARU FOR RL 1ST PROGRAM. 

FORMAT (A2»A4.1X,A2.A4.7X.A1,F9.5.F10.5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 
1-5 RLIST 
6 BLANK 

8-13 COMPOUND IDtNT IF ICAT 10' 11 CODE 

21 ( BLANK ) / ( 1 ) FOR (DO ™OT)/(DO) LIST R BY ALL VALUES 0^ Hr Kr AND L 

NOTE.... IN ORDER TO OBTAIN THIS LISTINGr THE BINARY DATA FILE MUST BE 
SEARCHED REPEATEDLY AN n COPIOUS OUTPUT WILL RESULT. **USE THIS FEATURE 
WITH CARE** 

22-30 * THRESHOLD • DF/FC VALUE ABOVE WHICH THE REFLECTION SHOULD BE PRINTED 
(BLAN* r 2.U) 

31-40 NUMBER OF SIANDARD DEVTATIONS IN INTENSITY ABOVE BACKGROUND TO 

ESTABLISH LLSS-THANS, BLANK means ACCEPT SETTING FROM BINARY DATA 
FILE 

SCALE - SCALE CARD FOR F RtLATIVE DATA, To SUPERSEDE VALUES IN BINARY DATA 
FILE. 

FpRMAT (A2.A4.H0.4.I4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 SCALE 
6 BLANK 

7-16 SCALE FACTOR TO APPLY TO F RELATIVE 
17-2o GROUP IDENTIFICATION (1-64) 

SETMAT - SETTING MAIRIX (FOR DETERMINING CHI AND PHI EuLERIAN ANGLES FROM H, 

K, AND L - SEE =DIFSEI=). 

Format (A2,A4.1X,9F8.6) 


COLS 

SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

1-6 

SETMAT 


8-15 

ELEMENT 

(1.1) 

16-2J 

ELEMENT 

(1.2) 

24-31 

ELEMENT 

(1.3) 

32-39 

ELEMENT 

(2.D 

40-47 

element 

(2.2) 

48-55 

element 

(2.3) 

56-63 

element 

(3.1) 


t 
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64-7 l ELEMENT <3»2) 
72-79 ELEMENT <3 r P> 


CATEGO - CARD FOR OBTAINING R VALUES FOR CERTAIN SPECIFIED CATEGORIES. USE A 
SEPARATE CARD FOR EAC« CATEGORY SELECTED. THERE ARE 3 DISTINCT GROUPS 
OF FIELDS UN THE CARD AND THE FIRST NON-BLANK GROUP ENCOUNTERED 
IS USED. 

FORMAT <A2»A4f2X,3A4r6(lX.I4) ,2Fln.S) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

1-6 CATEGO 

7-8 BLANK (OR RT) 

9-20 USER'S NAME FOR CATEGORY SELECTED 

CATEGORIES BY INDEX VALUES (MAY BE USEO SINGLY OR IN COMBINATIONS OF 

PAIRS) 

22-25 R VALUES DESIRED FOR A SPECIFIC H, BLANK IMPLIES MO SEARCH FOR A 
SPECIFIC H VALUE. 

27-3(1 R VALUES DESIRED FOR A SPECIFIC K, BLANK IMPLIES NO SEARCH FOR A 
SPECIFIC K VALUE. 

32-35 H VALUES DESIRED FOR A SPECIFIC L. BLANK IMPLIES NO SEARCH FOR A 
SPECIFIC L VALUE. 

CATEGORIES BY INDEX COMBINATIONS 

37-40 CATEGORY OF INDEX COMBINATIONS 

(BLANK )/(l)/(2)/(3)/(4>/(5)/<6)/(7) FOR (IGNORE TEST ) / ( H ) / ( K ) / ( l ) / 
(H+K)/(H+L)/(K+L)/(H+K+L) 

42-45 VALUE OF ABOVE INOICES TO BE INCLUDED IN R VALUES 

(l)/(2)/(3)/(4)/(5)/(6)/(ETC, ) FOR (ODD ONLY ) / { EVEN ONL Y > / ( MULT I PLES 
OF 3 ONLY)/lMULTIPLES r>F 4 ON( Y >/( MULTIPLES OF 5 ONL Y )/< MULTIPLES OF 6 
ONLY)/ (ANY REASONABLE DUMBER MAY BE SUPPLIED) 

Categories my magnitude or other ouantities 

47-50 SELECT CATEGORY FOR RA*'GE OF- 

<l>/<2)/<3)/<4>/(5> FO» (SIN THETA/LAMBDA)/(INTENSITY)/(FO)/(CHI)/(PhD 
chi and phi RANGES REQUIRE a =setmat= card 
51-6o LOWER limit OF QUANTITY REQUESTED IN COLS 47-50 
6l-7o UPPER LIMIT OF QUANTITY REQUESTED IN COLS 47-50 

END - END CARD. 

Format (A2#A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CARD ORDER SUMMARY FOR =SINGEN= PROGRAM 


SIN6EN PROGRAM CALLING CARD 

END END CARD 

***** READS rNFILEA= ***** 

***** WRITES EITHER =NFILEBs OR =NFILEF= (SEE COL. 15 OF =SlNGEN= CARD) ***** 
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B. CApO FORMATS FOR =SINGEN= PROGRAM 


OPERATION CAROS ARE DESCRIBED IN SECTION 2.GENERL- A, AND THEIR FORMATS ARE 
GIVEN IN SECTION 2.GENERL-8. THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 


SINGEN - PROGRAM CALLING CARU. 

FORMAT (A2rA4»lX,A2rA4,I2»I5,F10.?,2I 1 0> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 SINGEN 
7 BLANK 

8-13 COMPOUND IDENTIFICATION COOE 

15 ( BLANK ) / ( 1 ) FOR WRITE t=SINGEN= FILES ON =NFILEE= AND DO NOT COPY THE 

BINARY DATA FILE ON =NF1LEB=)/{8INARY DATA AND =SINGEN= FILES ON 
=NFILEB=) 

20 (l>/<2)/<3)/<4) ENTER f-VALUES FRO.v rNFILEAs CALCULATED AS (El)/ 

(E2)/(E3)/(t4) IN =NOR«SF= (BLANK = 1> 

21-30 MINIMUM E-V«LUE TO BE "SEO IN STRUCTURE INVARIANT SEARCH ( BLANK r 1 , 4 ) 

31-40 MAXIMUM PHASE NO. FOR WHICH TRIPLETS ARE PRINTED 

41-50 MAXIMUM PHASE NO. FOR WHICH TRIPLETS ARE PRINTED REDUNDANTLY 


END - END CARD. 

FoRMATt A2r A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 END 
4-6 BLANK 
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A. CAp.D ORDER SUMMARY for the =STEPRF= PROGRAM 


... III. 

STEPRF PROGRAM CALLING C«RD • ' 1 

♦SCALE SCALE CARO FOR F RELATIVE DATa 

♦ATOM ATOM StLECTION CA«D 

♦NOREF SHUT OFF REFINEMENT OF SPECIFIC PARAMETERS 

♦CONSTR CONSTRAINS ONE PARAMETER TO BE A FUNCTION OF ANOTHER 

♦RELEAS RELEASE ALL CONSTHAINTS READ FROM THE BINARY DATA FILE FOP A 
SPECIFIC ATOM " 

END END CARD 

♦ THESE CARDS ARE OPTIONAL ’ ‘ 

NOTE 1 - JF NO ATOM CARDS ARE ‘-’RESENT , ALL THE ATOMS IN THE BINARY FILE Are 
USED. IF ANY ATOMS A«E SPECIFIED BY CARDS t ONLY THOSE SPECIFIED ON 
THE CARDS ARE SELECTE" FROM THE BINARY FILE, IF THERE ARE TOO MANY 
ATOMS IN THE FILE FOR THE STORAGE CAPACITY* CARDS WILL BE EXPECTED. 

***** READS sNFILEAS ***** 

***** WRITES =NFILEt>= ***** 

***** OPTIONALLY PUNCHES CARDS ON =NFILEC= <SE£ COL 19 OF sSTEPRFr CARD) ***** 
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b, CAPO FORMATS FOk THE =STEPwF= PROGRAM 


OPERATION CAROS ARE DESCRIBED IN SECTION 2.GENERL-A, AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 • UENERL-B , THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

STEPRF - CALLING CARD FOR THE CRYSTALLOGRApHIC STEP REFINEMENT PROGRAM 
FpPMATl A2, A4, 1*»A2, A4»4I2»6F4.3,6I3, I7>2F5.0) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 STEPRF 

8-lx COMPOUND IDENTIFICATION CODE 
14-1S NUMBER OF CYCLES < BL AN* = D 

16-17 ( BLANK ) / ( 1 ) FOR REFINEMENT BASED ON (F)/(F**2) 

18-19 ( BLANK ) / ( 1 ) FOR (DO NOT)/(DO) PUNCH THE NEW ATOM COORDINATES 

20-21 (BLANK)/(1) FOR (DO NOT)/(DO) LIST THE REFLECTIONS 

22-2S STEPPING OlbTANCE IN T"E X-DIRFCTIoN 

26-29 STEPPING DISTANCE IN T W E Y DIRECTION 

30-3T STEPPING DISTANCE IN T'-'E 2 DIRECTIqN 

34-37 STEPPING INUREMENT FOR U 

**** NOTE. IF COLUMNS ?2 THROUGH 3 7 ARE BLANK, X, Y. AND 2 WILL BE 
STEPPED BY U.l ANGSTROM AND U WILL BE STEPPED BY 0.00633 ***** 

38-41 MINIMUM SIN(THETA)/LAMhDA TO BE CONSIDERED 

42-45 MAXIMUM SIN<THETA)/LAM*DA TO 8E CONSIDERED 

46-48 MINIMUM H to BE CONSIDERED 

49— bl MINIMUM K TU BE CONSIDERED 

62-54 MINIMUM L TU BE CONSIDERED 

5b-57 MAXIMUM H TU BE CONSIDERED 

58-60 MAXIMUM K TU BE CONSIOEREO 

61-63 MAXIMUM L TU BE CONSIDERED 

** + * NOTE, IF COLUMNS «9 THROUGH 63 ARE BLANK, THE LIMITS WILL BE 
-99 ANU 99 ***** 

64—7 f) MAXIMUM NUMBER OF REFLECTIONS 
71-76 MINIMUM F TU t)£ CONSIDERED 
76-80 MINIMUM E TU BE CONSIDERED 

***** MOTE. REFLECTIONS WILL BE LIMITED ONlY BY THE STIPULATIONS ON THE 
=STEPRF= CARD AND THE AVAILABLE CORE STORAGE. SINCE THE rSTEPRF= PROGRAM WAS 
UES1GNFD FOR PRELIMINARY REFINEMENT. IT IS BEST TO WORK WITH A MINIMUM NUMBER 
OF REFLECTIONS. THIS WILL INCREASE THE CYCLE SPEED. IN ADDITION, IT IS FASTER 
TO REFINE ON F IN THE CENTRIC CASE AND F**2 IN THE ACENTRIC CASE, 

atom - ATOM SELECIION CARO. 

Format <a2, A4.ix.A4, A2) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-4 ATOM 
5-6 BLANK 

8-13 ATOM IDENTIFICATION (SEE 1 . GENERL ) 

NOREF _ TO SHUT OFF REFINEMENT OF SPECIFIC PARAMETERS 
F0RMAT( A2» A4,1X,A4,A2»13A3) 
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COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-5 N0REF 

8-13 ATOM IDENTIFICATION (SfE l.GENERL). IF BLANK » THE CARD APPLIES TO 

ALL ATOMS. IF ONLY AT^M TYPE IS GIVEN, THE CARD APPLIES TO ALL ATOMS 
OF THE GIVEN TYPE. IF =SCALE= IS PUNCHED IN COLS. 8-12* THE CARD 
APPLIES TO F RELATIVE SCALE F AC TOR . REF INEMENT . 

NOTE - IF COLS 14-5* ARE BLANK IN THE. CASE OF THE rNOREFr CARD, ALL PARAMETERS 
FOR THE INDICATED AIOM OR ATOMS WILL BE, HELD INVARIANT • i I ■ 

14-16 EACH FIELD MAY CONTAIN BLANKS OR ONE OF THE FOLLOWING LEFT JUSTIFIED 
SYMBOLS. 

X i . 

Y 

Z 

PP POPULATION PARAMETER 
SCT NEUTRON SCATTERING FACTOR 
DFR REAL DISPEPSION PARAMETER 
DFI IMAGINARY DISPERSION PARAMETER 
U ISOTROPIC TEMPERATURE FACTOR 


CONSTR - IMPOSE A CONSTRAINT BETWEEN THE SPECIFIED PARAMETERS. THE CONSTRAIN- 
ING EQUATION IS — 

P(SUH) = F*P < REF J + S 

where f anu s are floating. point numbers, pisubj is the subject 
PARAMETER. AND P(REFI is the reference parameter 
F oRMAT(A2,A4,lx,A4,A2#lX.n4,A2,2A3,4X,2Fl0.2> • . - 

cols SPECIFIED PUNCHING or function OF the field 
1-6 CONSTR 

8-13 ATOM IDENTIFICATION (SFE l.GFNFRL) OF SUBJECT ATOM 
15-2n ATOM IDENTIFICATION (SEE l.GENERL) OF REFERENCE ATOM 
21-23 PARAMETER OF SUBJECT ATOM ( SEE =REFz/=NOREF= > j 

24-26 PARAMETER OF REFERENCE ATOM (SEE =REFz/=NOREFz > 

31-40 F FOR CONSTRAINING EQUATION 

4i-5n s for constraining equation 


releas - RFLEASE ALL CONSTRAINTS READ FROM THE BINARY data file on a particular 
ATOM. 

FoRMAT(A2.A4,1X,A4,A2) 

COLS SPECIFIED PUNCHING OR FUNCTION OF T HE FIELD 
1-6 RELEAS 

8-13 ATOM IDENTIFICATION <SFE l.GENFRL) 


END - END CARD 

Format <A2»A4) 

cols SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1-3 END 
4-6 BLANK 


.iif 
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A. card OROER summary FOR =TANGEN= PROGRAM . . 


TANGEN PROGRAM CALLING LARD 

♦CYCLE E THRtSHOLOS (ONE PER CYCLE > 

♦LIMIT PHASE ACCEPTANCE TEST LIMITS 

i 

♦PRINT SPECIFIES PRINT OUTPUT 

’ ' | . . , . 

♦♦PHI STARTING PHASES (ONE PER REFLECTION) 

♦ ♦BDFPHI SPECIFIES STARTING PHASES FROM =FC= OR PREVIOUS, =TANGEN= . 

END ENU C«RU 

♦ THESE CARDS ARE OPTIONAL • 

♦♦ THESE CAROS ARE OPTIONAL BUT BOTH MAY BE ENTERED. STARTING PHASES DEFINED 
BY THE LAST CARD <=PHI= OR =BQFPHI=> TAKE PRECEDENCE OVER, EARLIER DEFINITIONS 
(INCLUDING THOSE FROM =APHASE= SPECIFIED ON THE =TANGEN= CARD). 


***** READS rNFILEA= ♦♦♦♦♦ 

♦ ♦♦♦♦ WRITES =NFILEtl= ♦♦♦♦♦ 

***** OPTIONALLY RE AOS =NFILEE= (SEE COL. ;5 OF =TANGEN= CARD) ***** 

***** POSSIBLY SCRAICHES ON =NFILEF= (IF MORE THAN MAXTRI TRIPLES ARE USED)**** 
(VALUE OF MAXIRI IS VERSION, LABORATORY AND UPDATE SPECIFIC IN 
THE RANGE 5000 TO 9000) 

***** OPTIONALLY SCRATCHES ON =NF ILEGz , =NF ILEH= , =NF I LE 1= , AND =NFILEJ= 
DEPENDING ON CORE REQUIRED FOR PRE-SOR (SPECIFIED COL, 50 OF =TANGEN= 

CARU) ***** 
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B. CARO FORMATS FOR =TANGEN= PROGRAM 


OPERATION CARDS ARE DESCRIBED IN SECTION 2 GENERL-A , AND THEIR FORMATS ARE 
GIVtN IN SECTION 2.GENERL-B. THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. „ ' 

TANGEN - PROGRAM CALLING CARD. 

FORMAT ( A2. A4»XX# A2*A4.I2»I5»F10.3,4li0) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 TANGEN 

8- 13 COMPOUND IDENTIFICATION CODE 

15 (RLANK)/<1) TO ENTER BINARY OATA And =SINGEN= FILES FROM (=NFILEA= ANO 

=NFILEE=)/(=NFILEA= ONLY) IN BOTH CASES =NFILE*= MUST CONTAIN E-VALUES 
PRODUCED BY =NORMSFr 

20 (BLANK)/(1) (00 NOT ) / ( l ’0 ) USE THE -PHI- AND -PSI- VALUES WHICH HAVE 

BEEN ESTIMATED BY =APmASE= AND ENTERED ON THE BINARY DATA FILE 
2l-3o MINIMUM E-V'"-UE TO BE PHASED BY TANGENT ITERATION PROCESS (BLANK 
CAUSES MINIMUM E OF =SINGEN= TO BE USED) 

40 (BLANK')/(1) (DO N0T)/(U0) USE WEIGHTED TANGENT FORMULA 

50 NUMBER OF SCRATCH FILES (G.H.I.J) T 0 BE USED DURING THE PRESORT OF 

=SING£N= TRIPLETS ** MANDATORY IF THE NUMBER OF TRIPLETS EXCEEDS THE 

ARRAY LIMIT MAXTRI ** IF IMPLEMENTED TRIPLETS FROM THE LOWEST CYCLE- 
THRE 5 H 0 LU UP AR£ soRTEu OIRECTLY InTO THESE FILES 
(MAXTRI IS SET IN XYTn, IN GENERAL AT LEAST ONE SHOULD BE SET) 

60 ( BLANK ) / ( 1 ) ( DO ) / ( DO NOT) WRITE NEw BINARY DATA FILE (ON =NFILEB=) 

70 ( BLANK ) / ( 1 ) (00 ) / (DO NOT) EXIT ANY CYCLE IF THE /EC/-SCALE CONVERGES 

OR OSCILLATtS TO WITHIN 0.0001 

CYCLE _ E-THRESHOLU FOR A CYCLE OF ITERATIONS 
Format (A2#A4»i4»i5*F5.2»U0) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 5 CYCLE 

6 BLANK 

9- 10 CYCLE NUMBER (MAXIMUM OF 10) 

II- 1^ THRESHOLD OF THIS CYCLE AS MAXIMUM PHASE NUMBER » 

16-20 THRESHOLD OH THIS CYCLE AS MINIMUM E VALUE (USED IF COLS, 11-15 BLANK) 
21-30 NUMBER OF IIERATIONS FOR THIS CYCLE (MAXIMUM OF 50) BLANK=20 

LIMIT - PHASE ACCEPIANCE LIMITS 

format <A2,a4,4X,2I5>fio.3#iio> 

COLS SPECIFIED PUNCHING OR FUNCTION OF. THE FIELD 

I- 5 LIMIT 

6 BLANK 

II- 15 PHASE OSCILLATION LIMIT IN OEGREES (BLANK=100> 

16-20 RESTRICTED PHASE DIVERGENCE LIMIT IN DEGREES (BLANK=75> 
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21-30 CALCULATED t-VALUE (/£</) ACCEPTANCE THRESHOLD (BlANk=0.5 OR IF 
WEIGHTED TANGENT ITERATION IS SPECIFIED BLANK=0.0) 

31-40 MINIMUM NUMBER OF TRIPi ETS CONTRIBUTING TO A PHASE ESTIMATE BEFORE 
IT IS ACCEP I ED (BLANK = 1) 

PRINT _ PRINT CONTKUL 

Format <a2.a4,4x,i2I5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-5 PRINT 
6 BLANK 

15 ( BLANK ) / ( 1 ) (DO ) / ( DO NOT) PRINT PHASES OF LAST ITERATION OF EACH CYCLE 

20 (BLANK)/(1> <DO)/(DO NOT) PRINT PHASES AS OUTPUT iON =NFILEB= 

THF NEXT 10 FIELOS ARE PUNCHED AS ... 

(8LANK)/(N) (DO N0T)/d'0) PRINT PHASES OF EVERY N-TH ITERATION FOR - 
21-25 CYCLE 1 
26-30 CYCLE 2 
31-35 CYCLE 3 
36-40 CYCLE 4 
41-45 CYCLE 5 
46-50 CYCLE 6 
51-55 CYCLE 7 
56-60 CYCLE 8 
61-65 CYCLE 9 
66-70 CYCLE 10 

PHI - PHASE OF STARTING REFLECTION. ,j 

Format <A2»A4, 14 . uo*2i5. no,i5> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 3 PHI ' 1 J 

4-6 BLANK ' , . 1 , , 

7-10 E-LIST SERIAL NO. OF REFLECTION i 

II- 2f) H INDEX 

21-2S K INDEX ; i 

26-30 L INDEX 

38-40 PHASE IN DEGREES (POSITIVE BASE MODULO 360) 

41-45 (+N)/(-N> TU (FIX PHAS^)/ (SUPPRESS REFLN . ) FOR N CYCLES (N MAY Be 
0 TO 10) 

BDFPHI - EXTRACT PHASES FROM REFLECTION RECORD OF BINARY DATA FILE. 

FORMAT (A2.A4, 14.110. 3F10. 4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 

I- 6 BDFPHI 

10 (BLANK) /(l) EXTRACT PHASES FROM BInARY DATA FILE AFTER (=FC=)/ 

(PRIOR =TANUEN=) CALCUi ATION , 

II- 20 NUMBER OF CYCLES THE E Y TRACTED PHASES ARE TO BE FIXED 

21-30 E-THRESHOLD LIMITING PHASES TO BE EXTRACTED <BLANK=CyCLE 1 E-THRESHOLD > 
31-40 FRACTION (P) USED IN =R'C= REUECTION TEST - SEE WRITEUP ( BLANK: . 5 ) 

4l-5o FREL SCALE USED IN =FC= REUECTION TEST - SEE WRITEUP (BLANK CAUSES 

SCALE TO BE EXTRACTED t-ROM RECORD 7 OF BDF > 

END - END CARD. 

FoRMAT(A2. A4) 
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COLS SPECIFIED PUNCHING OR FUNCTION OF ThE FIELO 
1-3 END 
4-6 BLANK 
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A. CARD ORDER SUMMARY FOR =WRTTEU= PROGRAM 


WRITEU PROGRAM CALLING CARD 


♦ ELEMENT DEUNtS THE BEGINNING OF AN ELEMENT OF THE WRlTE-UP 

ii 

♦ENOELT DEFINtS THE ENO OF AN ELEMENT OF THE WRITE-UP 

♦TEXT DEFINtS DATA OR "THER CARDS TO BE CONVERTED SUCH THAT COL. 1 

BECOMtS A BLANK AND COLS, 2-80 ARE LIKE 1-79 OF INOUT CARDS <TO 
GENERATE APPENDICES) 


♦ENOTEXT STOP PREPARING TEXT 
END AFTER ALL WRITE-UP MATERIAL 


♦ THESE CARDS ARE OPTIONAL 


*♦♦*♦ OPTIONALLY WRITES =NFILEO= (SEE COL 24 OF =WRITEU= CARO) ♦ ***♦ 
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B. CARD FORMATS FOR =WRITEU= PROGRAM 


OPERATION CARDS ARE DESCRIBED IN SECTION 2.GENERL-A, AND THEIR FORMATS ARE 
GIVEN IN SECTION 2 . uENERL-8 . THE POSITIONING OF THESE CARDS IS DICTATED BY 
THEIR FUNCTION. 

WRITEU - PROGRAM CALLING CARD. 

FORMAT <A2»A»*,X4»2X»A2.A4.A2»3X.IJ *14) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-6 WRITEU 

7-10 MAXIMUM LINtS / PAGE 

13-20 DATE OF THE PRINTING AS DD/MM/YY 

24 (0)/(l) FOR (DO NOT)/(DO) WRITE A DUPLICATE FILE ON rNFILEDr AS 

WELL AS PRINTING A COPY 

25-2P INTEGlR OF LAST PREVIOUS PAGE SEQUENCE NUMBER RUN - THIS IS TO 

FACILITATE RUNNING IN PARTS - LEAVE BLANK FOR AB-INITIO RUN, USE LAST 
SEQUENCE NU'BER OUTPUT FOR SUBSEQUENT RUNS. 

ELEMENT - DEFINES THE BEGINNING OF AN ELEMENT OF THE WRITE-UP. AN ELEMENT 
CONSISTS OF A LOGICAL UNIT OF THE WRITE-UP. 

Format (A2'.A4) 

•i 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD j 

1-7 ELEMENT 

ENDELT - DEFINES AN END OF AN FLEMENT OF THE WRITE-UP. 

Format (A2«a4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 
1-6 ENDELT 

TEXT - DEFINES DA I A OR OTHER CARDS TO BE CONVERTED SUCH THAT COL 1 BECOMES 
BLANK AMD LOLS 2-80 APE LIKE 1-79 OF INPUT CARDS (TO GENERATE 
APPENDICES) 

Format <A2,A4) 

COLS SPECIFIED punching OR FUNCTION OF THE FIELD 
1-4 TEXT 

ENDTEXT - STOP PREPARING TEXT. 

FORMAT (A2*A4> 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-7 ENDTEXT 

END - END CARD. (AFTER ALL WRITE-UP MATERIAL) 

Format (A2,a4) 
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COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1-3 ENO 
4-6 BLANK 



2.WT‘ANA|_-A 


a, CARD ORDER SUMMARY for =wt»nal= program 


WT ANAL PROGRAM CALLING CARD 

INTFO INTERVALS FOR FO"S 

INTST INTERVALS FOR SI^' THETA 

♦LAYER LAYER TO BE ANALYSED 

♦SMAlFO INTERVALS FOR SMALL FOBS 

♦LESSTH INTERVALS FOR LESS THANS 

END END CARD 

♦ these cards are optional 
***** reads =nfilea= ***** 


1 237 

04 / 22/72 
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B, CARD FORMATS FOR =WTANAL= PROGRAM 


OPERATION CAROS ARE DESCRIBED IN SECTION 2.GENERL-A, AND THEIR FORMATS ARE 
GIVEN IN SECTION 2,gENERL-B. the POSITIONING OF THESE CARDS IS DICTATED BY 

their function. 

WT ANAL - CALLING CARD FOR WEIGHTING ANALYSIS PROGRAM. 

FoRMAT(A2, A4.1X,A2,A4,F7.A,2X,F8,3) 

COLS SPECIFIED PUNCHING OR 1-UNCTION OF THE FIELD 
I- ft WTANAL 

S-l 3 COMPOUND IDtNTIFICATIO- CODE 

14-20 LAMBDA - WAVELENGTH OF X-RADIATION USED - IF ANALYSIS REQUIRED 
FOR SIN THEIA/LAMBDA THIS VALUt SHOULD BE 1.0 
23-3o THRESHOLD V«LUE FOR ANALYSIS OF SMALL FOBS VALUES - MAY BE BLANK IF 
NO =SMALFO= CARO SUPPLIED 

INTFO - CARD USED 10 OEFINE T> J E LIMITS OF THE INTERVALS OF FOBS. NO 
more than hour such caros may occur* i.e. 20 is the maximum 

NUMBER OF INTERVALS ALLOWED. 

OMIT' THIS UAKD TYPE IF NO ANALYSIS REQUIRED FOR FOBS. 

FORMAT! A2, A4, 1 **X, 5F10.3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD < 

1- 5 INTFO 
6 BLANK 

21-30) <5 FIELOS GIVING LIMITS OF THE REQUIRED 

31-40) (INTERVALS. ANY BLA^K FIELD 
41-50) (WILL BE 1GN0RE0. I e NON-BLANK, 

51-60) (THE INTERVAL VALUES SHOULD INCREASE 
61-70) (MONOTONICALLY. 

INTST - CARD USED TU DEFINE THE LIMITS OF THE INTERVALS OF SIN THETA. NO MORE 
THAN FOUR SUCH CARDS M° Y OCCUR, I.E. 20 IS THE MAXIMUM NUMBER OF 
INTERVALS ALLOWED. 

OMIT THIS CARD TYPE IF NO ANALYSIS REQUIRED FOR SIN THETA 
FORMAT! A 2 . A4,14X,5F10.3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF yHE FIELD 
1- ? INTST 

6 blank 

21-30) <5 FIELDS GIVING LIMITS OF THE REQUIRED 

31-40) (INTERVALS. ANY BLANK FIELD 
41-50) (WILL BE IGNORED, IF NON-BLANK, 

51-60) (THE INTERVAL VALUES SHOULD INCREASE 
61-70) (MONOTONICALLY. 

SMALFO - CARD USED 10 DEFINE The LIMITS OF THE INTERVALS OF SMALL FOBS. NO 

MOPE THAN FUUR SUCH CARDS MAY OCCUR, I.E.* 20 IS THE MAXIMUM NUMBER OF 
INTERVALS ALLOWEO, 
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OMIT THIS CARD TYPE IF NO ANALYSIS REQUIRED FOR SMALL FOBS. 

Format ( A 2 » A4 » i4x » 5Fi o . 3 ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF fHE FIELD 
1- 6 SMALFO 

2l-3o) <5 FIELDS GIVING LIMITS OF THE REQUIRED 

31-40) (INTERVALS. ANY BLANK FIELD 
41-5q> (WILL BE IGNORED. IF NON-BLANK, 

51-60) (THE INTERVAL VALUES SHOULD INCREASE 
61-70) (MONOTONICALLY. 

LAYER - USED TO DEFINE WHICH INDEX TO USE FOR ANALYSIS AND TO GIVE VALUE OF 
LARGEST NEGATIVE INDEX. 

FoRMAT(A2*A4, 8**11,15) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1- 5 LAYER 
6 BLANK 

15 <l)/(2)/<3> FOR ANALYSIS ON <H)/(K)/(L) 

16-20 LARGEST OCCURRING NEGATIVE INDEX (WITHOUT SIGN) 

LESSTH - CARD USED 10 OEFINE THE LIMITS OF THE INTERVALS OF LESS THANS. NO 
MOPE THAN FOUR SUCH CAWQS MAY OCCUR - I.E., 20 IS THE MAXIMUM NUMBER 
OF INTERVAL^ ALLOWED. 

OMIT THIS CARO TYPE IF ANALYSIS REQUIRED FOR LESS THANS. 

FoRMAT( A2, A4,14X,5F10.3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1- 6 LESSTH 

21-30) ( 5 FIELDS GIVING LIMITS OF THE REQUIRED \ 

31-40) (INTERVALS. ANY BLANK FIELD 
41-50) (WILL BE IGNORED. IF NON-BLANK, 

51-60) (THE INTERVAL VALUES SHOULD INCREASE 
61-70) (MONOTONICALLY, 

END - END CARD 
F0RMATIA2.A4) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1- 3 END 
4- 6 BLANK 



2.WTLSSQ-A 1 240 

04 / 22/72 


A. CARO ORDER SUMMARY FOR =WTt SSQ= PROGRAM 


WTLSSQ PROGRAM CALLING CARD 

coeff coefficients for chosen weighting scheme 

* INTFO INTERVALS FOR FO*S 

♦INTST SIN THETA INTERVALS 

♦SCALWT SCALE FACTORS TO 8£ APPLIED TO WEIGHTS TO ADJUST AVERAGE 

W*L)EL I ASO 

♦thresh defines a new threshold for establishing less-than status 

END END card 

* THIS CARD IS OPIIONAL 
♦♦♦♦♦ READS =NFILEA= ♦♦♦♦♦ 

***** WRITES =NFILEB= ♦ ♦*♦♦ 
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B , CARO FORMATS FOK =WTLSSQ= program 


WTLSSQ - CALLING CAKO FOR WTLSSQ PROGRAM. 

FoRMAT(A2,A4,lx,A2,A4,F7.3,I5,F5.3,F5.0,2l5) 

COLS SPECIFIED PUNCHING OR FUNCTION OF the field 
I- 6 WTLSSQ 

8—1 j COMPOUND IDENTIFICATION CODE 
14-20 LAMBDA - X-KAY WAVELENGTH 
21-25 WEIGHTING SLHEME DESIRED (SEE 1. WTLSSQ) 

26-30 WEIGHT INDICATOR FOR LFSS-THANS 

-ve - negligible weight if fo is greater than fc 

0 OR blank - WEIGHT BY EQUATION 
+VE - CONSTANT USED TO WEIGHT LESS-THANS 
31-35 MAXIMUM ALLOWABLE WEIGHT (BLANK OR 0 = 100.0) 

36-40 (BLANK)/(1) FOR (DO) / (DO NOT) ANALYZE IN GROUPS OF F OBSERVED 
41-45 ( BLANK ) / ( 1 ) FOR (DO)/0'0 NOT) ANALYZE IN SIN THETA GROUPS 

COEFF _ COEFFICIENTS FOR CHOSEN WEIGHTING SCHEME. COEFFICIENTS MAY BE SPECIFIED 
IN ANY ORDER AND AS many CARDS AS ARE NEEDED WILL BE ACCEPTED. BLANK 
FIELDS ARE IGNORED. 

COLS SPECIFIED PUNCH I NG OR FUNCTION OF THE FIELD 
1- 5 COEFF 
6 BLANK . 

11 COEFFICIENT (I.E. A , b , C ,D , E , G , H, J, OR K) 

12-20 VALUE OF COEFFICIENT . 

21-30 ) 

31-40 ) 

41-50 ) AS COLS 11-20 

51-60 ) - 

61-70 ) 

71-80 ) 

INTFO - CARD USED TU DEFINE THE LIMITS OF THE INTERVALS OF FOBS. NO 

MORE THAN FOUR SUCH CARDS MAY OCCUR (I.E. 20 IS THE MAXIMUM NUMBER 
OF INTERVALS ALLOWED). 

FORMAT (A2,A4,14X,5F10.3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1- 5 INTFO 
6 BLANK 

21-30) (5 FIELDS GIVING LIMITS OF THE REQUIRED 

31-40) (INTERVALS, ANY BLANK FIELD 
41-50) (WILL BE IGNORED. IE NON-BLANK, 

51-60) (THE INTERVAL VALUES SHOULD INCREASE 
61-70) (MONOTONICALLY. 

INTST - CARO USED TU DEFINE THE LIMITS OF THE INTERVALS OF SIN THETA. NO 
MORE THAN FOUR SUCH CARDS MAY OCCUR (I.E. 20 IS THE MAXIMUM NUMBER 
OF INTERVALS ALLOWED). 
format <A2*a4,i4x,5Fio.3> 
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COLS SPECIFIED PUNCHING OK ^UNCTION OF T HE FIELD 
1- s INTST 
6 BLANK 

21-30) (5 FIELDS GIVING LIMITS OF THE REQUIRED 

31-401 (INTERVALS. ANY BLANK FIELD 
41-50) (WILL BE IGNORED. I p NON-BLANK, 

S1-&0 1 (THE INTERVAL VALUES SHOULD INCREASE 
61-70) (MONOTONICALLY. 

SCALWT - SCALE FACTORS FOR WEIGHTS. 

FORMAT (A2, A4, 13X,2F10.3) 

COLS SPECIFIED PUNCHING OR FUNCTION OF tHE FIELD 
1- 6 SCALWI 

20- 29 SCALE FACTOR FOR WEIGHTS OF OBSERVED REFLECTIONS 

30- 39 SCALE FACTOR FOR WEIGHTS OF LESS-THANS 

thresh - defines a new threshold for establishing reflections as being less- 

THANS. 

FoRMAT(A2,A4,14X,2Fl0.0»2U0) 

COLS SPECIFIED PUNCHING OK FUNCTION OF THE FIELD 

1 - * thresh 

21- 30 SIGMA THRESHOLD 

31- 40 FREL/I THRESHOLD (SEE TOLS 41-^0) 

41-50 ( BLANK ) / ( 1 ) for BASED ON <FOBS)/(I) 

51-60 (BLANK)/<1) FOR (DO NOT)/(DO) INCLUDE THE NEWLY ESTABLISHED =JCODEr 
IN THE OUTPUT BINARY D«TA FILE 

END - END CARD 

FORMAT ( A2« A4 ) 

COLS SPECIFIED PUNCHING OR FUNCTION OF THE FIELD 
1- 3 END 
4- 6 BLANK 
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APPENDIX 1, 


CONTRIBUTORS TO THE X-RAy SYSTEM 


THE X-RAY SYSTt-M HAS BEEN DEVELOPED OVER A NUMBER OF YEARS WITH 
CONTRIBUTIONS FROM A LARGE NUMh£R OF PEOPLE. THIS EFFORT HAS FALLEN 
INTO THREE MAIN CATtGOR IES - 

1. SYSTEM EDITING - 1 .E.' THE WRITING OF THE NUCLEUS, MAINTENANCE 
OF THE PROGRAMS » THE WRITE-UP, GENERAL ORGANIZATION, AND 
SYSTEM PHILOSOPHY DECISIONS 

2. PROGRAM WRITING - WITHOUT WHI C H THERE WOULD BE NO NEED FOR 
A SYSTEM 

3. SYSTEM IMPLEMENTATION - I.E. THE RESPONSIBILITY FOR PROVIDING 
INFORMATION FOR MAKING THfc SYSTEM RUN ON SPECIFIC MACHINES 
AND FOR CHECKOUT <’F NEW SYSTEM RELEASES. 

OBVIOUSLY, SOMc PROGRAM AUTHORS HAVE ACTIVELY CONTRIBUTED IN OTHER 
RESPECTS AMD DUE ACKNOWLEDGEMENT OF THEIR AUTHORSHIP IS GIVEN WITHIN THE 
PROGRAM DESCRIPTIONS IN SECTIOm 1 OF THIS WRITE-UP. 

THE AFFILIATION GIVEN FOR EACH CONTRIBUTOR IS THAT APPROPRIATE AT THE 
TIME THE CONTRIBUTION WAS MADE AND SHOULD NOT NECESSARILY BE CONSIDERED AS 

CURRENT. 


system EDITORS 




BALDWIN 

DR J.C, 

ATI. AS 

COMPUTER LAB., 

U.K. 

CHASTAIN 

DR R.V, 

UNTV. 

OF WASHINGTON, 

SEATTLE 

HIGH DR 

D.F. 

UNIV. 

OF WASHINGTON, 

SEATTLE 

KRUGER 

DR G.J. 

CSTR, 

PRETORIA, S.AFR 

1 # 

KUNDELL 

DR F.A, 

UNTV. 

OF MARYLAND 


STEwART 

PROF u.m. 

UNTV. 

OF MARYLAND 



PROGRAM AUTHORS 


AMMON PROF H. 

ALDEN OR R.A. 
BOONSTRA DR E.G. 
BROWN DR d.W. 

BRAUN OR R.L. 
BUSING DR W.R. 

UE CAMP DR W.H, 
DICKINSON DR. C.W, 


UNTV. OF WASHINGTON, SEATTLE 
UNTV. OF WASHINGTON, SEATTLE 
UN T V . OF ORANGE FREE STATE 
PORTLAND STATE COLLEGE 
UNIV. OF WASHINGTON, SEATTLE 

OAK ridge national LABORATORY 
UNIV. OF MARYLAND 

NAVAL ORDNANCE laboratory 
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UAYHOPF DR MARGARET 
FREER DR S.T. 

HALL DR S. 

HOLDEN DR J.R. 
OARSKI MRS MARY A. 
JENSEN PROF L. 

KEEFF DR W. 

KERR dr ANN 
KRAUT PROF J. 
LINGAFELTER PROP E. 
LEVY DR H.A. 

MAUER MR F.A. 
MIGHELL DR. A. 
MARtIN DR K.O. 
PLAsTAS DR. LINUA 
SANTORO DR A, 
SCHNEIDER DR M.L. 
TAKEDA DR H, 

ZOCCHI DR M. 


NATL. BIOMEDICAL RES. FOUNDATION INC. 
UN ! V . OF WASHINGTON, SEATTLE 
MINERAL SCI DIV , E.M.R., OTTAWA 
U. S. NAVAL ORDNANCE LAB. 

UNTV. OF WASHINGTON, SEATTLE 
UN TV. OF WASHINGTON, SEATTLE 
MEDICAL COIL. OF VIRGINIA 
CAMBRIDGE I INI V , , ENGLAND 
UNIV. OF CALIFORNIA, LA JOLLA 
UN t V OF WASHINGTON, SEATTLE 
OAK RIDGE NATIONAL LABORATORY 
NATIONAL BUREAU OF STANDARDS 
NA1IONAL BUREAU OF STANDARDS 
OAK RIDGE NATIONAL LABORATORY 
UNIVERSITY OF MARYLAND 
NATIONAL BUREAU OF STANDARDS 
UN! V • OF MARYLAND 
JOHNS HOPKINS uNIV, 

NATIONAL BUREAU OF STANDARDS 


SYSTEM IMPLEMENTERS 


APPLEMAN QR D. 
UICkINSON DR. CHARLES 
KIRCHNER UR H. 

LENHERT PROF P.U. 
MACHEN MI^S PELLA 
MOROSIN DR B. 
PROTHEROUGH MR M . 
SNYDER DR R. 

THOMAS MRS JUDIIH M, 
WATFNPAUGH DR K. 
WOLTEN DR G. 


U. S. GEOLOGICAL SURVEY 

IBM 

/360 SERIES 

NA'/aL ORDNANCE LAB 


CDC 

6400 

UNIV. OF WASHINGTON, 

SEATTLE. 

CDC 

6600 

VANDERBILT UNIv. 


XDS 

SIGMA 7 

ATLAS COMPUTER LAB., 

UK 

ICL 

1906A 

SANDIA CORPORATION 


CDC 

6600 

I.L.L./ UNIV, qF SURREY 

ICL 

1900 SERIES 

M. 1 .T. 


IBM 

/360 SERIES 

ATLAS COMPUTER LAB., 

U.K. 

atlas 

UNIV. OF WASHINGTON, 

SEATTLE. 

■CDC 

6600 

AEROSPACE CORP, 


CDC 

6600 


VALUABLE TECHNICAL ASSISTANCE HAS BEEN GIVEN BY MISS JE*N WILLIS AND 
MRS. STEFANIE VOGEL* BOTH OF T W E UNIVERSITY OF MARYLAND. 
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APPENDIX 2 . 


EXAMPLE DATA decks 


****NOtE**** 

IN THE FOLLOWING EXAMPLE DECKS* COMMENTS CONCERNING DECK 
SETUP ARE INCLUDED ON =R£MARK= CARDS. THESE DECKS MUST 
BE PRECEDED BY THE JOB CONTROL CARDS PRESCRIBED By 
YOUR INSTALLATION. 

restart 

remark 

remark ******************** 

REMARK * * 

remark * EXAMPLE DECK 1 * 

REMARK * * 

remark ******************** 

REMARK 

TITLE BODY CENTERED ACENTRIC CUBIC TEST C*SE 1 OCT 1968 I 4BAR 3 D 

REMARK ASSIGN THE RILE UNITS. THE =RESTArT= CARD CAUSES ALL FILES TO . 
REMARK REINITIALIZED TO THE STANDARD ASSIGNMENTS, THE sFILESs CARD IS 
REMARK ONLY NECESSARY IF ANOTHER ASSIGNMENT IS DESIRED. U. 

FILES 8 9 10 11 12 13 14 15 j ’ . 

OATKON 1 4830 

REMARK DATA REDUCTION WILL WRITE THE NEWLy CREATED BINARY DATA FILE ON 
REMARK =NFILEB= WHICH IS UNIT 9 <SEE sFILESr CARD ABOVE). 

CELL I4B3D 11.000 11.000 11.000 .0 .0 .0 1440. 

FORMGN S i, • i 

FORMGN 0 • ’ ......... ...... 

FORMGN C 
LAT1CE A I 
SYMTRY x.y.z 
symtry z.x.y 

SYMTRY Y.Z.X 
SYMTRY l/2+X#l/2-Y>-Z 
SYMTRY 1/2+Z. 1/2-X.-Y 
SYMTRY 1/2 + Y » 1/2-Z t -X 
SYMTRY -X. 1/2+Y. 1/2-Z 
SYMTRY -Z. 1/2+X. 1/2-Y j 
SYMTRY -Y.1/2+Z.1/2-X ; 

SYMTRY 1/2-X.-Y.1/2+2 
SYMTRY 1/2-Z.-X. 1/2+Y 
SYMTRY 1/2-Y.-Z. 1/2+X 
SYMTRY 1/4+X. 1/4+Z* 1/4+Y 
SYMTRY 1/4+Yi i/4+X»l/4+Z 
SYMTRY l/4+Z» 1/4+Y* 1/4+X 
SYMTRY 3/4+X. 1/4«Z» 3/4— V 
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SYMTRY 3/4+Y, 1/4-X.3/4-Z 
SYMTRY 3/4+Zf l/4-Y,3/4-X 
SYMTRY 3/4-X>3/4+Z»l/4-Y 
SYMTRY 3/4— Y » 3/4 + X < 1/4— Z 
SYMTRY 3/4-Z »3/4+Y*l/4-X 
SYMTRY l/4-X,3/4-Z>3/4+Y 
SYMTRY l/4-Y»3/4-X»3/4+Z 
SYMTRY l/4-Z» 3/4-Y* 3/4 + X 


CONOIT 

I4B3D 

1.5418 

1.0 


0,0 

1 Q 2 

HKL 

I4B3D 

4 

0 

0 

1 

1 

12.43 ' 

HKL 

1 4B30 

8 

0 

0 

1 

1 

54.42 

HKL 

I4B3D 

12 

0 

0 

1 

1 

12.20 

HKL 

I4B3D 

3 

1 

0 

1 

1 

23.91 

HKL 

1 4830 

5 

1 

0 

1 

1 

68. 88 

HKL 

I4B3D 

7 

1 

0 

1 

l 

71.27 

HKL 

I4B3D 

9 

1 

0 

1 

1 

9.49 i i 1 

HKL 

I4B30 

11 

1 

0 

1 

1 

43,52 ■ • ' = < ' 

HKL 

I4B30 

2 

2 

0 

1 

1 

61.46 

HKL 

I4B3D 

4 

2 

0 

1 

1 

17,72 

HKL 

I4B30 

6 

2 

0 

1 

1 

45.26 

HKL 

I4B3D 

8 

2 

0 

1 

1 

14.90 

HKL 

I4B30 

10 

2 

0 

1 

1 

30.40 

HKL 

I 4 B 3 D 

2 

1 

1 

1 

1 

132. ni 

HKL 

I483D 

6 

1 

1 

1 

1 

175.82 

HKL 

I4B3D 

10 

1 

1 

1 

1 

40.88 

HKL 

I4B3D 

2 

4 

2 

1 

1 

193.88 

HKL 

I4B3D 

6 

4 

2 

1 

1 

67.02 

HKL 

I4B3D 

8 

4 

2 

1 

1 

61.48 

HKL 

I4B3D 

3 

2 

1 

1 

I 

132.40 . . 

HKL 

I4B30 

5 

2 

1 

1 

1 

75.62 il 

HKL 

I4B3D 

7 

2 

1' 

1 

1 

29.70 , 

HKL 

I4B3D 

9 

2 

1 

1 

1 

99,31 

HKL 

I4B3D 

3 

4 

1 

1 

1 

73.35 

HKL 

I4B3D 

5 

4 

1 

1 

1 

128,42 

HKL 

I4B3D 

7 

4 

1 

1 

I 

47,24 > . 

HKL 

I4B3D 

3 

6 

1‘ 

1 

1 

80. PI 

HKL 

I4B3D 

1 

6 

1 

1 

1 

170.20 

HKL 

I4B3D 

5 

6 

1 

1 

1 

40,91 

HKL 

I4B3D 

3 

8 

1 

1 

1 

89.68 

HKL 

I4B30 

3 

3 

2 

1 

1 

193,73 

HKL 

1 4830 

5 

5 

2 

1 

1 

81,95 

HKL 

I4B3D 

4 

4 

4 

1 

l 

112 . 07 

END 








remark 

AFTER 

each PROGRAM 

CALI , : 

rNFILEAs ND =NFILEB= Are EXCHANGED. 

remark 

CONSEQUENTLY 

» IN THE 

NEXT 

PROGRAM, WHICH HAPPENS TO BE SLOADAT 

REMARK 

sNFILEAs 

IS 

UN T T 9 

AND =NFILE8= IS UNIT 8. ****N0TE, IF EVERY 


REMARK PROGRAM IN IHE SEQUENCE UPDATES THe BINARY DATA PILE, AND USES 
REMARK the binary uata FILE PHOOUCEO H Y THE PREVIOUS PROGRAM, no 
remark MANIPULATION OF =NFILEA= and =NFILEBr IS NECESSARY. 


LOAOAT 

I4B30 


1 

1 



ATOM 

atom 

atom 

S 

0 1 - 

0 2 

.1210 
.OOP 
. 37D0 

.1690 

.000 

.0000 

.3010 2.1 .001 
.250 2.8 .002 
,2500 2,8 

.001 

.001 

atom 

END 

C 

.258 

.258 

,258 3.0 | .005 

.005 

.005 

remark 

=NFILEA= 

ANU 

=nfileb= 

ARE again exchanged, consequently. 

THE 
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REMARK =FC = PROGRAM WILL USE UNIT 8 FOR =nFILEA= AND UNIT 9 FOR 
REMARK =NFILEB=. 

FC 14830 1 1 

END 

REMARK =NFILEA= ANU =NFIL£B= ''RE AGAIN EXCHANGED. 

FOURR I4B30 4 100. 

GRID 14830 30 30 30 

LAYOUT I4B3D 331341381 123 30 2 

END 

REMARK 
REMARK 

remark 
FINISH 


A =FINISH= LARD IS ALWAYS THE LAST DATA CARD IN A DECK. IF 
ANOTHER JOB (NOT RELATFD TO THIS JOB) IS TO BE RUN NOW THE 
=FINISH= CARD IS REPLACED BY A =REsTART= CARD. 

o 
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RESTART 



REMARK 



REMARK 

******************** 


remark 

* * , 


REMARK 

* EaAMPLE DECK 2 * 


REMARK 

* * 


REMARK 

******************** 


REMARK 

REMARK 

this sample data OECK. WILL illustrate a 

SIMPLE PROGRAM SEQUENCE 

\ ' 

REMARK 

WHERE A rFIL'ES= CARO IS NECESSARY.' 

1 ■ ! 

REMARK 

TITLE 

body centered acentric cubic test CASE 

1 OCT 1968 I 4BAR 3 D 

files 

g9 10 11 12 13 14 15 


UATRDN 

I4B3D 

.0 .0 1440. 

CELL 

I4B3D 11 .000 11.000 11.000 .0 

FORMGN 

S 


FORMGN 

0 


FORMGN 

C 


LATICE 

A I 


SYMTRY 

X, Y.Z 


SYMTRY 

Z.X.Y 


SYMTRY 

Y # 2 * X 


SYMTRY 

l/2+X,l/2-Y«-Z 


SYMTRY 

1/2+Z.1/2-X.-Y 


SYMTRY 

1/2+Yi l/2-Z»-X 


SYMTRY 

-X » 1/2<*Y * 1/2-Z 


SYMTRY 

-Z.1/2+X.1/2-Y 

\ 

SYMTRY 

-Y.1/2+Z.1/*”* 

1 

SYMTRY 

1/2-X.-Y. 1/2+Z 


SYMTRY 

l/2-Z,-X.l/*+Y 


SYMTRY 

1/2-Y.-Z.1/2+X 


SYMTRY 

1/4+X, 1/4+Z* 1/4+Y 


SYMTRY 

l/4*Yrl/4+X*l/4+Z 


SYMTRY 

1/4+2. 1/4+Y.1/4+X 


SYMTRY 

3/4 + X » 1/4— Z , 3/4— Y 


SYMTRY 

3/4+Y.1/4-X.3/4-Z 


SYMTRY 

3/4+Z#l/4-Y»3/4-X 


SYMTRY 

3/4-X.3/4+Z* 1/4-Y 

; 

SYMTRY 

3/4-Y.3/4+X.1/4-Z 


SYMTRY 

3/4-Z.3/4+Y.1/4-X 


SYMTRY 

1/4-X.3/4-Z.3/4+Y 


SYMTRY 

1/4-Y.3/4-X.3/4+Z 


SYMTRY 

1/4-Z.3/4-Y. 3/4+X 


CONUIT 

I4B3D 1.5410 1.0 i.O 1 9 2 


HKL 

I4B3D 400 1 J 12.43 


***** i insert ^he remaining reflections***** 


END 

LOAUAT 

I4B3D 1 1 


ATOM 

S .1210 .1690 .3010 2.1 

.001 ,001 .001 

atom 

0 1 -.005 .000 .250 2.8 

.002 

ATOM 

0 2 .3750 ,0000 .2500 2,8 


ATOM 

C .250 ,258 .258 3.0 

.005 ,005 .005 

END 

CRYLSQ 

14830 1 1 3 


END 

FOURR 

14830 4 ino. 
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GRID 

LAYOUT 

END 

REMARK 

REMARK 

REMARK 

REMARK 

REMARK 

REMARK 

FILES 

bONQLA 

END 


I4B3D 30 50 30 

I4B30 33 1 34 1 38 1 123 30 2 

THE FOURIER PROGRAM DOFS NOT WRITE =NFILE8=» CONSEQUENTLY WE DO 
NOT WANT =NHLEA= ANU wFILEBz EXCHANGED, BUT WHICH UNIT DO WE 
WANT THE =BUNDLA= PROGRAM TO READ.,, =DATRDN= WROTE ON UNIT 9. 
=LOADAT= WROTE ON UNIT fl» AND =CRYLSQ= WROTE ON UNIT 9. WE WANT 
=BONDLA= TO TREAT THE rCRYLSOs RESULTS t THUS WE WANT zNFILEAz 
TO BE UNIT 9. 

9 8 

I4B30 4.5 2.5 
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HESTARj 

remark 


REMARK ******************** 

remark * * 

remark * EXAMPLE DECK 3 * 


REMARK * * 

Remark ******************** 

REMARK 

TITLE SUNDARAL INGAM AND JENSE M / SALICYLIC ACID / 1108 TEST OF PHASE 
REMARK THIS EXAMPLE DECK ILLUSTRATES FEATURES WHICH WERE MOT 
REMARK ILLUSTRATED IN THE AHO\»E EXAMPLES. THE FEATURES ARE, 

REMARK (1) USE OF SCRATCH FILES. 

REMARK (2) REFLECTION INFORMATION jN NON-STANDARD FORMAT. 

REMARK (3) REFLECTION INPUT FROM TAPE. 

REMARK IN THE PREVIOUS EXAMPLES ONLY rNFlLEA= AND =NFILEP.= WERE USED. 

remark in this example =phase- scratches on =nfilef= and =nfileg= 

REMARK IN ADDITION THE REFLECTIONS ARE TO BE READ ON =NFILEI=. 

REMARK TO CONSERVE THE NUMBER OF UNITS RE 0 UIREO* =NFILEH= AND =NFILEG= 
REMARK WILL BE ASSIGNED THE S«ME VALUE. =NFILEI= WILL BE ASSIGNED TO 
remark THE NORMAL LARO INPUT "NIT WHICH WILL ENABLE THE READING OF 
REMARK CARDS WHICH UO NOT HAV*- EITHER =HKL = OR = = IN THE 

REMARK FIRST SIX COLUMNS. IT SHOULD PE NOTED THAT ANY UNIT COULD BE 
REMARK USED FOR =NFlLEI=. IF THE REFLECTIONS ARE ON TAPE AS CARD IMAGES 
REMARK AND IF THE I APE IS MOUNTED ON =NF1 lEI=. 

FILES '8 9 10 11 12 12 5 15 

uatrdn saly | 

label SUNDArALINGAM and JENSEN / SALICYLIC ACID DATA FOR TEST PURPOSES 

CELL SALY 11.52 11.21 4.92 0.0 -0.01454 0.0 288.0 

CELLSO SALY .012 .011 ,005 0.0 .0005 0.0 

FORMGN 0 

FORMGN C 

FORMGN H 

LAT ICE C P 

SYMTRY X < Y »Z 


SYMTRY X+l/2i 1/2-T ,2 

CONDIT SALY 1.5418 1,0 1 o 2 0 0 1 

FORMAT ( 3 ( I 3 t IX ) ,F9.2) 

KEFIN 1 -10 5 4 IH IK II FR 

REMARK THE REFLECTION ARE ON =NFILEI= IN THE FOLLOWING FORMAT. 
REMARK COLUMNS 000000000111111111122222222223 

REMARK 123456789012345678901234567890 

REMARK 


REMARK 

0, 

2. 

0. 

18.70 

REMARK 

0, 

4* 

0* 

25,00 

remark 

0, 

6 9 

0* 

13,30 

REMARK 





REMARK 

-io, 

‘zi ' 

4, 

6.90 

remark 

-10, 

5 • 

4* 

4.90 


REMARK 


END 

NORMSF 

CELCON 

SALY 

0 

12 

15.999 

CELCON 

C 

28 

12.01 

CELCON 

H 

24 

1.008 

END 

SINGEN 

SALY 

1 

1.3 


0 # 65 
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END 

TITLE ^UND ARAL INGAM AND JENSEN / SALICYLIC AcID N=80 ORIGIN DEFINED 

PHASE SALY 15 80 0.75 1.3 5 

END 

FINISH 
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APPENDIX 3. 


DISTRIBUTION OF THE X-RAy SYSTEM 


t h e x-ray system is distributed on magnetic tape, and a user wishing 

TO HAVE A COPY SHOULD WRITE FOR DETAILS TO - 

PKOF. J.M. S I EWART , 

COMPUTER SCICNCE CENTERr 
UNIVERSITY 0*- MARYLAND , 

COLLEGE PARK* 

MARYLAND. 20'42. 

BcCAUSE OF THE SIGNIFICANT AMOUNT OF f. ACHINE TIME INVOLVED IN PREPARING 
TAPES IN ALL THE VARIOUS FORMA I S TO SUIT MANY DIFFERENT MACHINES, THE 
SYSTEM WILL NOT BE LOPIEU ONTO A USER'S OWN MAGNETIC TAPE. INSTEAD, A 

prospective user will be invited to purchase a new tape containing a copy 

OF THE SYSTEM SUITABLE FOR HIS OWN MACHINE AT A PRICE WHICH COVERS THE 
COST OF THE TAPE. THE COMPUTER TIME SPENT IN ITS PREPARATION, AND THE 
POSTAL CHARGES INCURRED. 

the various formats available will probably change from time to time 

IN THE light OF EXPERIENCE AND IN AN ATTEMPT TO KEEP PACE WITH HARDWARE 
AVAILABLE FROM THE MANUFACTURERS. 

CURRENTLY, HOWEVER, the TAPES DISTRIBUTED TO USERS CONTAIN CARD IMAGES 
(POSSIBLY CONVENIEN I LY BLOCKED TOGETHER) OF - 


1. THE FORTRAN STATEMENTS COMpRIglNG THE SYSTEM 

2. THE WRITE-UP MATERIAL 

3. TEST DATA DECKS 

ThE FOLLOWING LIST REPRESENTS THE COMPUTERS ON WHICH THE X-RAy SYSTEM 
HAS BEEN SUCCESSFULLY IMPLEMENTED, 

CDC 6b00 

6 *+00 
3b00 
lb04 

IBM 7U94 

3b0/75 

3b0/65 

3b0/50 

3b0/40 

UNIVAC 1108 USING EXEC 2 Or EXEC 8 

XDS S1GMA7 
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APPENDIX 4, 


PIDGIN FORTRAN 


In ORDER TO PRODUCE PROGRAMS WHICH are to BE IMPLEMENTED ON a large 
NUMBER OF COMPUTERSf ONE MUST "VOID MACHINE LANGUAGE ALTOGETHER AND MAKE 
USE OF A COMMONLY AVAILABLE HIGHER LEVEL PROGRAMMING LANGUAGE. ONLY 
TWO LANGUAGES CAN CURRENTLY BE CONSIDERED AS SUCH, AND FOR HISTORICAL 
REASONS. FORTRAN WAS CHOSEN FO* THE X-RAY SYSTEM RATHER THAN ALGOL. 

EvEN THOUGH THtRE IS NOW a WELL DEFINED STANDARD USA FORTRAN IV. 

(SEE REFERENCE). IT CAN BE VERv USEFUL IF SCIENTISTS CONSIDER MOST 
CAREFULLY THE WAY IN WHICH THEY WRITE ROUTINES WHICH ARE TO BE USED MANY 
TIMES. IT WOULD APPEAR THAT THE VARIOUS COMPUTER MANUFACTURERS HAVE TAKEN 
SOMES PAINS TO FRUSIRATE THE INTERCHANGEABILITY OF PROGRAMS AND EVADE THE 
THE SPIRIT OF THE AGREED STANDARDS. IN ADDITION, AS MORE ESOTERIC 
FORTRAN STATEMENTS ARE AUUEU Tn THE COMPILERS, THE PROGRAMMER HAS A REAL 
CURIOSITY TO APPLY (HESE STATEMENTS. REGARDLESS OF THEIR EFFICIENCY OR 
GENERALITY. 

IN ORDER TO DEFINE ’PIDGIN * FORTRAN, A STUDY WAS M A DE OF THE VARIOUS 
FORTRAN COMPILERS ANU MONITORS (OR EXECUTIVES OR OPERATING SYSTEMS) 

AVAILABLE ON .THE PRINCIPAL COMPUTERS IN THE UNITED STATES. INCLUDED WERE 
THE UNIVAC 1107 AND 1108. CUC 1604. 3600, 6400, AND 6600, XDS SIGMA 5 
AND SIGMA 7. BURROUGHS 5500. AND IBM 7040» 7090, 7094, AND THE MODELS 
40. 50, 65, AND 75 OF THE SYSTEM /360. IN EVERY CASE, THESE COMPUTERS 
HAO A FORTRAN CAPABILITY, IN NO CASE WERE THE FORTRAN COMPILERS OF 
UIFFERENT MANUFACTURERS IDENTICAL IN THE STATEMENTS THEY WOULD ACCEPT. 

AND SOMETIMES EVEN ONE MANUFACTURER WOULD PROVIDE INCOMPATIBLE COMPILERS FOR 
HIS DIFFERENT MACHINES. IN AUDITION TO THE PROBLEM OF THE CONSISTENCY OF THE 
STATEMENTS, THE PROBLEM OF THE EFFICIENCY OF THE MACHINE CODE GENERATED 
BY ANY GIVEN COMPILER WAS ALSO CONSIDERED. 

FROM this STUDY, we DEFINE A SUBSET OF FORTRAN STATEMENTS AS THE 
VOCABULARY OF PIUGIN FORTRAN, THIS VOCABULARY IS DERIVED NOT ONLY TO 
BE UNIVERSALLY ACCEPTABLE, BUT MOREOVER TO BE TRANSPARENT TO THE COMPILER. 

WHEN PROGRAMS ARE TO BE U5EU F f ’R SCIENTIFIC CALCULATIONS WHICH HAVE TO BE 
EXECuTFO REPFATEDLY, IT IS DESIRABLE TO ATTEMPT TO PRODUCE FORTRAN 
CODE WHICH MATCHES I HE EFFICIENCY OF MACHINE CODE. IF ONE USES VERY 
GENERAL OR ELEGANT FORTRAN STATEMENTS, THE COMPILER WRITER IS CONSTRAINED 
TO PRODUCE VERY GENtHAL MACHINE CODE. THEREFORE, PIDGIN FORTRAN REQUIRES 

that the statements made be such that the code compiled will be similar 

to that WHICH ONE WOULD WRITE TN MACHINE LANGUAGE. THE GAIN IN USING 
PIDGIN FORTRAN IS THEN THE SHORTENED CH£CK C UT TIME, THE EFFICIENCY OF CODING, 
ANO THF MANY COMPILtR DIAGNOSTICS AND CROSS CHECKS. THE LIABILITY IS THE 
FAILURE TO TAKE ADVANTAGE OF THE FULL POWER OF THE FORTRAN LANGUAGE. 

IT MUST BE RECOGNIZED THAT THERE IS A BASIC SIMILARITY IN THE COMMAND 
STRUCTURES OF ALL THE MACHINES AVAILABLE IN THE MARKETPLACE TODAY. 
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for example , most have single register indexing so that three dimensional 
Arrays require that the compilfr must develop a fairly COMPLEX set of 
COMMANDS for the REIRIEvAL and storage OF TRIPLY subscripted variables, 
therefore. IN CODING large well used arrays, it Is best to use one dimensional 
arrays and calculate or set up the correct subscript by means of integer 
arithmetic statemenis. the fortran statements required look much less 
COMPACT AND ELEGANT THAN WHEN triply DIMENSIONED ARRAYS ARE USED. BUT THREE 
BENEFITS are DERIVEU from the use of single subscripts. 

FIRSTLY, EFFICIENCY AND SPEED ARE ENHANCED SINCE ONLY ONE INDEX 
REGISTER IS REQUIRED AND USE C«N BE MADE Op POINTER TABLES. SECONDLY. 

STORAGE ALLOCATION IS EASILY CHANGED TO ALLOW FOR DIFFERENCES IN THE 
AVAILABILITY OF HIGH SPEED STORAGE. THIRDLY, DATA CAN BE PACKED RATHER 
THAN SCATTERED AROUNU THE STORt. 

THE OVERHEADS ASSOCIATED WITH CALLING SEQUENCES ARE OFTEN CONSIDERABLE, 
ESPECIALLY FOR SUBPROGRAMS WHICH ARE CALLED FREQUENTLY. FOR THIS REASON 
THE USE OF ARGUMENTS IS AVOIUE" WHEREVER POSSIBLE AND COMMON STORAGE IS 
USED FOR INTERCOMMUNICATION. 

IN PIDGIN FORTRAN, IT SEE-S BEST TO OBSERVE THE FORTRAN II CONVENTION 
WITH RESPECT TO I, d, K, L, M, AND N BEING INITIAL LETTERS FOR INTEGER OR 
HOLLERITH VARIABLES. THIS MAY SEEM AN ANACHRONISM, BUT THE DIFFICULTY WITH 
THE ’TYPE* STATEMENI IS THAT T H £ ACTUAL PURPOSE OF THE VARIABLES BECOMES 
OBSCURE. WHEN A NUMBER OF PEOPLE ARE WORKING TO PRODUCE A SYSTEM, IT IS 
A HELP TO HAVE A CERTAIN STYLIZATION IN THE CHOICE OF VARIABLE NAMES. 

IN ADDITION, IN PIDGIN FORTRAN, ONE AVOIDS THE USE OF MIXED EXPRESSIONS 
ON THE RIGHT HAND SIDE OF AN ARITHMETIC ASSIGNMENT. THAT IS TO SAY 

I=F 


AND 


F = I 


ARE BOTH PERMITTED, BUT NEVER 
I=F*J 


IN THIS CASE, ONE WOULD ALWAYS WRITE 
I=F*FLOAT< JJ 

THE FOLLOWING DEFINITION of PIDGIN F Op TRAN IS MADE By COMPARISON 
WITH THE USA FORTRAN IV STANDARD, SECTIONS OF THE STANDARD WHICH ARE 
OBSERVFD ARE NOT MENTIONED UNLESS OF SPECIAL SIGNIFICANCE, I.E, THE 
FOLLOWING LIST CONTAINS THE DIFFERENCES BETWEEN PIDGIN FORTRAN AND THE 
USA STANDARO. 

* 

SECTION OF USA PH’GIN FORTRAN 

STANDARD 


3.1 NOTE THE RESTRICTED CHARACTER SET. 

3.2 COLUMNS 73-8 n ARE USED FOR SEQUENCING (AND UPDATING). 

4.2 THE TYPES COMPLEX AND LOGICAL ARE NOT USED. DOUBLE 
PRECISION IS NOT NORMALLY USED EXCEPT AS DEMANDED BY 


i 
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5. 1.3. 3 
6.2 

6.3 

7.1 .1.2 

7. 1.2. 3 

7. 1.2. 4 

7. 1.2. 7.1 

7.1 .2.7.2 
7.1.3 

7. 1.3. 1.1 

7. 1.3. 2 

7. 1.3. 3 

7.2.1. 1 
7. 2. 1.1. 2 

7. 2. 1.3 

7. 2. 1.4 

***** 

***** 

7.2. 1.5 

7.2. 1.6 

7. 2. 3.1 

7. 2. 3. 5 ' 
7.2.3.10 
8 . 

8.1 

8.5 

10.2.5 


THE MACHINE or THE CALCULATION. 

NOTE THE RESTRICTED SUBSCRIPT EXPRESSIONS. 

RELATIONAL EXPRESSIONS (E.6. ,LT. .EQ.J Are NOT USEO. 

LOGICAL EXPRKSSIONS (.OR, .AND. .NOT.) Are not used. 

LOGICAL ASSIGNMENT STATEMENTS ARE NOT USED, 

LOGICAL IP STATEMENT IS NOT USEO. 

WHERE POSSIBIE. ARGUMENTS ARE PASSED TO SUBROUTINES 
THROUGH COMMON STORAGE. 

SI OP IS USED ONLY ONCE IN THE SYSTEM, 

PAUSE IS NOT USED. 

THE SYSTEM USE OF READ A N 0 WRITE IS DESCRIBED BELOW. 

AN ARRAY NAMf IS NOT USED TO SPECIFY ALL OF THE ELEMENTS 
OF AN ARRAY - IMPLIED DO IS USED INSTEAD. 

FOR THE AUXILIARY I/O STATEMENTS REWIND, ENDFILE. AND 
BACKSPACE, SFE BELOW. 

+ IS NOT USE” AS CARRIAGE CONTROL. 

MULTIPLE SUBSCRIPTS are. qFTEN AVOIDED (SEE ABOVE), 

AUUUSTABLE DIMENSIONS ARE NOT USED. 

BLANK COMMON STORAGE IS NOT USED. 

NOTE THAT THE SYSTEM RELIES ON A ONE-TO-ONE CORRESPONDENCE 
BETWEEN REAL AND INTEGER ARRAYS BY USE OF EQUIVALENCE. 

NOTE THIS WEIL FOR MACHINES WHICH USE DIFFERENT NUMBERS****** 
OF WORDS OF STORAGE FOR REAL AND INTEGER VARIABLES. ****** 
EXTERNAL STATEMENTS ARE NOT USED. 

TT^E STATEMENTS ARE NOT USED. 

THE FOLLOWING ARE THE ONLY FIELD DESCRIPTORS USED - 
F. E< OUTPUT ONLY), I, A, H( OUTPUT ONLY), AND X, 

SCALE FACTORS ARE NOT USED. 

FORMAT SPECIFICATIONS IN ARRAYS ARE HEAVILY USED. 

NOTE THE ABSENCE OF BOTH MULTIPLE ENTRY POINT SUBPROGRAMS 
ANU OF ’INTERNAL' SUBPROGRAMS. 

SIATEMENT FUNCTIONS ARE NOT USED. 

BLOCK DATA SUBPROGRAMS ArE NOT USED. 

DATA INITIALIZATION IS NoT USED FOR VARIABLES IN 
COMMON STORAGE, 


All INPUT/OUTPUT is HANDLED THROUGH 
READ (UNIT »FMT)LIST 


AND 


WRITE(UNIT,FMT)LIST 


WITHIN THE BODY OF I HE PROGRAMS, ONLY THREf DIFFERENT LOGICAL UNITS ARE 
KEFEKEnCEO. THESE CORRESPOND TO 

1, THE INPUT BUFFER CONTAINING ThE IMAGE OF THE LAST CARD READ 
FROM THE INPUT STREAM, I.E. A BUFFER RE-READ OR DECODE 

2. THE LINE PRINTER OUTPUT 


3. THE CARD PUNCH OUTPUT. 


all other input anu output operations are placed in special subroutines as 
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WRITE(N).. OR READ(N).. OR REWIND N OR ENDFlLE N 
BACKSPACE N IS NEVEK USED. 

IN ADDITION TO THE PIDGIN fortran STATEMENTS OUTLINED ABOVE, there 
are three other special features that the system uses - 

1. RE-KEAU CAPA8ILIT V 

2. AN OVERLAY, or CHAIN, FEATURE 

3. ACCESS TO THE CHANGE TIME CLOCK REGISTER. 

UEPENDTNG UPON THE INSTALLATION OR THE MANUFACTURER. THESE REQUIREMENTS 
MAY BE SIMPLE OR COMPLEX TO IMPLEMENT. 

In THE CASE OF THE RE-RE At IING FEATURE, COMMUNICATION AMONG THE 
MANUFACTURERS SEEMS NON-EXISTENT. UNIVAC, FOR example, features RE-READ 
through thf 

READ(UNIT,FMT)LIST 

COMMAND, IN WHICH THE UNIT DESIGNATED IS SIMPLY A LOGICAL UNIT SPECIFYING 

the buffer of the most recently read card. cdc has a novel feature 

which IS now BECOMING AVAILABLE FROM OTHER MANUFACTURERS. IT IS THE 
DECODE STATEMENT WHICH IMPLIES BYPASSING THE ACTUAL PHYSICAL MOVEMENT 
OF THE LOGICAL UNIT AND PROCEEDING I MMfc 0 1 A 7 EL Y TO THE DECIMAL TO BINARY 
OR DECODE OPERATION. THE DECnDE COMMAND AND THt RE-READ AS USED IN THE 
UNIVAC SENSE HAVE A ONE TO ONE CORRESPONDENCE. IBM FOR THE 360 SEEMS NEVER 
TO HAVF HEARD OF THt. READ ( UNIT , FMT ) LIST FEATURE, EVEN THOUGH IT WAS 
IMPLEMENTED ON THE IBM 7040 COMPUTER. THE RE-READ OR DECODE FEATURE 
IS SUCH A POWERFUL COMMAND THAT IT SHOULD RE IMPLEMENTED ON ALL MACHINES. 

ONE VERY SAD THING 10 NOTE IS THAT UNIVAC HAS NOW IMPLEMENTED A DECODE 
COMMAND IN THEIR FORTRAN V WHICH IS INCOMPATIBLE WITH TH£ CDC VERSION. 

UN ALTERNATIVE PLOY CAN he USED IN THE ABSENCE OF THE RE-READ 
FACILITY. THIS INVOLVES WRITING THE INPUT CARD IMAGE ONTO A SCRATCHPAD 
AREA. F.G. A DISC, IMMEDIATELY AFTER READING. SUBSEQUENT * RE-READ ' 
STATEMFNTS CAN THEN BECOME GENI'INE HEADS OF THAT CARD IMAGE AND MUST BE 
h OLLOWFD ALWAYS BY A SUITABLE CALL OF THE ORGANIZATIONAL ROUTINES IN 
THE NUCLEUS TO ‘REWIND' THE SCRATCH UNIT, IT SHOULD BE REALIZED THAT 
THIS IS AN INFERIOR METHOD DUE TO THE INCREASED I/O ACTIVITY INVOKED.) 

TO DEAL WITH CODES OF THE MAGNITUDE OF THE X-RAY SYSTEM, THERE MUST 
BE AVAILABLE AN OVERLAY SCHEME - SOME METHOD WHICH MAKES IT POSSIBLE TO 
SEGMENT PROGRAMS APPROPRIATELY, SINCE THERE ARE VARIOUS WAYS IN WHICH 
THIS IS ACHIEVED ON VARIOUS MACHINES, A LArGE SCALE CALCULATION MUST HAVE 
A VtRY SIMPLIFIED OVERLAY STRUCTURE. IT IS CLEAR THAT TtjF ' CONDI T I ON OF 
'FLOW', IN THE IBM SENSE, MUST NOT BE VIOLATED, OR GREAT DIFFICULTY WILL 
ENSUE, THEREFORE, ALL CALLS TO SUBROUTINES WHICH CONSTITUTE A CALL FOR 
AN OVERLAY ARE MADE FROM THE RESIDENT PROGRAM (THE NUCLEUS). NO CALLS 
ARE MADE BETWEEN OIhFERENT SEGMENTS. THIS MEANS THAT IF OVERLAY IS NOT 
AVAILABLE, AS IT IS NOT ON SOME OF THE CDC MACHINES NOR THE IBM 7040, ONE 
CAN STILL USE CHAIN IN THE PROGRAMMING PROCESS. THE BEST SYSTEMS NOW 
AVAILABLE PERMIT ONt TO' MAKE AN ABSOLUTE LOAD MOOULE OF Al'L OF THE OVERLAYS 
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ANO THIS THEN GIVES ONE A WORKING SYSTEM THAT CAN BE LOADED AND EXECUTED 
AT ANY TIME. 

in summary* an effort has been made to write stylized code that will 

COMPILE. LOAD, and *G0' READILY ON ALL COMMON COMPUTERS. CERTAIN 
RESTRICTIONS OF FORIRAN HAVE BtEN OBSERVED BUT THIS IS OOnE TO ENHANCE 
EXECUTION PERFORMANCE AND PERMIT MODIFICATION AND EXPANSION OF PROGRAMS 
WITHIN THE SYSTEM, 


REFERENCE 

USA STANDARD FORTRAN (USA5 X3. 9-1066). USA STANDARDS INSTITUTE. 
NfW YORK, 1966. SEE ALSO - COMM, ACM., 7, 10 (OCT. 1964). PAGES 
590-625, AND COMM. ACM., 12, 5 (MAY 1969) , PAGES 289-294. 
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APPENDIX 5. 


THE STRUCTURE OF THE X-R,,;Y SYSTEM 


although details of the^s^stem structure are of little importance 
once it is running on a given machine, the following notes should prove 

to be OF ASSISTANCE TO THOSE W*C UNDERTAKE ITS INITIAL IMPLEMENTATION. 
MOREOVER, they SHOULD be CONSIDERED AS FUNDAMENTAL READING For ANYONE WHO 
WISHES TO ADD TO OR MODIFY ANY OF THE PROGRAMS, 

THE ROUTINES THEMSELVES A»E EXTENSIVELY COMMENTED AND THE COMMENTS 
SHOULD BE READ CAREFULLY, PARTICULARLY THE GLOSSARIES OP SYMBOLS AND THE 
long descriptions given in the nucleus programs. 

Ac; MENTIONED in THE PREFACE • THE SYSTEM COMPRISES Two DISTINCT GROUPS 
OF PROGRAMS, NOT ABL I THE • NUCLEUS' AND THE DIFFRACTION CALCULATIONS. 

THE NUCLEUS COMPRISES A S F T OF ROUTINES, MOST OF WHICH REMAIN IN CORE 
THROUGHOUT THE. EXECUTION OF A JOB (SUBJECT TO THE WHIMS AND FANCIES OF 
THE CORE SCHEDULER UP THE OPERATING SYSTEM). THESE ROUTINES PROVIDE THE 
MEANS OF RFCO.GNIZING OPERATION AND PROGRAM CALLING CARDS, TAKING ANY 
NECESSARY ACTION UPON THEM. AND PROVIDING GENERAL FILE HANDLING CAPABILITIES, 
THUS, ALL READING AND WRITING "NU * MOVEMENT * OF FILES IS DONE BY THE 

nucleus. furthermore, an attempt has been made to concentrate all machine 

SPECIFICITY WITHIN I he NUCLEUS. AND IN PARTICULAR WITHIN ONE ROUTINE. NUSY. 

THE DIFFRACTION PROGRAMS ARE ORGANIZED AS OVERLAYS AND CALLED INTO 
HIGH SPEED COKE ONLT AS KEQUIRfO. IT IS THESE ROUTINES WHICH PERFORM 
THE CRYSTALLOGRAPHIC CALCULATIONS, LEAVING all the 'housekeeping* 

FUNCTIONS to calls UF nucleus ROUTINES. in point of FACT, the diffraction 
programs coulu easily be replaced by amy other group of programs 

PERFORMING CALCULATIONS OF A COMPLETELY DIFFERENT NATURE. THERE ACTUALLY 
EXISTS ANOTHER SYSTEM, KINETICS 68 (REFERENCE 1) WHICH USES THE VERY SAME 
NUCLEUS TO ORGANIZE A SERIES OF CALCULATIONS USED IN REACTION KINETICS WORK. 

THE X-RAY SYSTEM ADOPTS A STANDARD METHOD OF NOMENCLATURE FOR ITS 
ROUTINES. EACH ROUTINE HAS A"' ENTRY POINT, E.G. NUC00&, AND A CORRESPONDING 
NAMt.I.E, NUSY, THE. ENTRY POINTS ARE ALL EITHER NUCDDO OR XRyDDD, WHERE 
DOO REPRESENTS THREE ARBITRARILY ASSIGNED DIGITS. THE PREFIX INDICATES 
WHETHER OR NOT THEY BELONG TO THE NUCLEUS, THE NAMES USED FOR NUCLEUS 
programs ARE ALL NUMM, WHERE M« is a SUITABLE CHOICE OF ALPHABETIC CHARACTERS. 
THUS NUSY IS THE ROUTINE IN WHICH ALL SYSTEM MACHINE SPECIFIC QUANTITIES 
ARE SET. THE PRINCIPAL SUBROUTINE OF A DIFFRACTION PROGRAM OVERLAY IS 
ALWAYS NAMED XYMM, E.G. XYBN, THE 'MAIN* ROUTINE OF =B0NDLA=. OTHER 
SUBROUTINES OF THE OVERLAY ARE CORRESPONDINGLY NAMED MMNN, SUCH AS BNSY , 

THE SUBROUTINE OF sPONOLAs CONCERNED WITH SYMMETRY. 
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THE FOLLOWING SYMBOLIC REPRESENTATION of the structure of the system 
SHOULD CLARIFY THE RELATIONSHIP BETWEEN THE NUCLEUS AND OTHER PROGRAMS. 

hememser that# each time a new overlay is brought into store, the core 
OCCUP1FO BY THE PREVIOUS OVERLAY IS RE-USED. (IN ORDER TO BE MORE EASILY 
READABLE# THIS DIAGRAM EXAGGERATES THE SPACE OCCUPIED BY THE NUCLEUS.) 


I 

ALWAYS CORE RESIUEN ( I ONLY RESIDENT WHEN REQUIRED 

1 

/ / / / / I 

/ / / / / I. 

///// /I. 

/ / I . 

/ NUCLEUS / I . 

/ / I . 

/ AND /I . 

/ /I. 

/ SYSTEM / I . 

/ /I. 

/ STORAGE /I. 

/ /I 4 

/ ARRAYS / I*«*********** 

/ / I** STORAGE ** 

/ / / / / /!** ARRAYS ** 

/ / / / /I** FOR ** OVERLAY 1 

/ / / / / I*OIFFRACTlON* , 

/ / / / / I** PROGRAM 

/ / / / / /I** 2 **- OVERLAY 2 — 

/ / / / / I*«**«********--- 

/ / / / / I 

ETC. 

Each of the overlays (and there may be more than one for any given 

DIFFRACTION PROGRAM) IS CALLED INTO HIOH SpEED STORAGE By THE NUCLEUS. 

THE WHOLE POINI OF USING OVERLAY STRUCTURE IS BECAUSE OF THE LIMIT 
OF THE AVAILABILITY OF HIGH SPEED STORAGE. MOREOVER, THERE Is NO NEED 
FOR SAy, THE =BONDLA= ROUTINES TO BE IN STORE DURING A FOURIER RUN. 

THE FOLLOWING IS A SUMMARY OF THE FUNCTIONS OF THE VARIOUS ROUTINES 
COMPRISING THE NUCLEUS . 

**** NUCLEUS - « SET OF SUBROUTINES USED THROUGHOUT THE X-RAY SYSTEM 
ENTRY 

POINT DECKNAME DESCRIPTION 


NUC000 NUCO MAIN AND SIGN ON ROUTINE. 

THIS IS THE “AIN PROGRAM OF THE X-RAY SYSTEM. THE SYSTEM 
COMMON IS INITIALIZED BY A CALL TO NUSY AND THEN CONTROL IS 
TURNEO OVER TO NUCA, Cc-MMENTS WITHIN THIS ROUTINE LTSr 


) EXAMPLE OF 
) MORE THAN 
) ONE OVERLAY 
) OF CODE FOR 
) A SINGLE 
) PROGRAM LINK 
) SUCH AS IN 
> =DATRDN = . 




NUC001 

NUC002 


NUC003 

NUC005 

NUC006 


NUC007 

NUC008 
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ALL OF THE OTHER SUBROUTINES OP THE SYSTEM. 

NUCA PKOGRAM CALLING ROUTINE. 

THIS IS THE principal SUBROUTINE OF THE SYSTEM, IT 
DIRECTS THE LOADING OF AlL THE OVERLAYS AND IS THEIR 
PRINCIPAL RETURN. IT PFRMITS THE USER TO DIRECT THE 
SEQUENCE OF his JOB BY MfANS OF THE DATA INPUT STREAM. 

II IS INTERESTING TO NOTF THAT CONTROL IS MAINTAINED AS 
LONG AS THERt- ARE MO INVALID INPUT CARD PUNCHlNGS. 

NUIF C«KD READING AND SIFTING ROUTINE. 

II SERVES TO SCREEN ALL INPUT DATA, OPERATION# AND PROGRAM 
CALLING CAROS. IT LOADS EVERY CARD INTO A BUFFER AND THEN 
CHECKS .'0 FIND THE IDENTIFICATION IN COLS 1-6# THE ROUTINE 
CARRIES OUT ^AMED OPERATIONS SUCH AS PRINTING REMARKS AND 
ESTABLISHING PAGE TITLES, OR ELSE SETS AN INDICATOR FOR THE 
CALLING PROGRAM TO SHOW WHICH TYPE OF CARD WAS ENCOUNTERED. 

I N THE EVENT OF THE CARD BEING UNIDENTIFIABLE# A STANDARD 
MESSAGE IS POINTED WHICH MIGHT AID THE ijSER. IT ALSO 
OPERATES WITH THE ERROR vESSAGE SILENCED TO CHECK FOR A 
MATCH Or INFORMATION ON a WORD BY WORD BASIS. THIS 
SUBROUTINE MUST BE USED RY EVERY OTHER SUBPROGRAM WHICH 
Rt ADS CARDS. *****NOTE WELL***** IT DEPENDS ABSOLUTELY 
ON THE AVAILABILITY OF A RE-READ (BUFFER READING OR DECODING) 
FACILITY. 

NUSS IS USED TO SEPARATE THE ATOM IDENTIFICATION FROM THE 

SLATTEKING FACTOR TyPE. 

NULI line COUNT ANO PAGINATION ROUTINE, 

PROVIDES A m*-ANS TO ALL SUBPROGRAMS OF THE SYSTEM TO 
DECREMENT THF LINE COUNT FOR NEAT PAGINATION, IT ALSO 
St-KVES TO SIGNAL ANY PROGRAM WHEN A NEW PAGE IS WRITTEN SO 
THAT THAT PROGRAM CAN WRITE ANY NECESSARY SUBHEADING, 

NUSY SYSTEM INITIALIZATION ROUTINE. 

THIS ROUTINE IS CALLED FrOM ONLY TWO PLACES - ONE IN NUCO 
AND ONE IN Ni'CA (ON FNCOuNTERING A rRESTART = CARD), IT 
SERVES TO ESTABLISH CORRECT VALUES FOR THE QUANTITIES STORED 
IN THE NAMED COMMON AREA /SYS/ TO WHICH ALL THE SUBROUTINES 
WHICH REAU OR WRITE FILEs REFER. IT IS IMPORTANT TO SCAN 
THE UEFIN1TIONS GIVEN AND TO REALIZE THAT THE QUANTITIES 
SET BY THIS ROUTINE ARE THE ONES WHICH ARE MACHINE AND 
COMPUTER LABORATORY SPECIFIC. IN GENERAL, NO EXECUTION 

OB THE SYSTEM will Bfc POSSIBLE UNLESS THE QUANTITIES IN THE 
SYSTEM COMMON ARE SET PROPERLY. 

* 

NURE FILE REPOSITION AND UNLOAD OR t NT£RLOCK ROUTINE. 

II CONSTITUTES THE FILE HANDLING FUNCTION REWIND, ENDFILE# 

AND UNLOAD ( INTERLOCK , UNLOAD). NO SUBROUTINE OF THE SYSTEM 
EXCEPT THIS ONE MAY CONTAIN THESE INSTRUCTIONS. 

****NOTE WELt **** THIS IS AN ABSOLUTE PROHIBITION. 

NUTI INTERVAL TIME PRINTING ROUTINE OF THE SYSTEM - REQUIRES A 

MACHINE SPECIFIC TIME ROyTINE, 
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NUC009 

NUON 

FILE INITIALIZATION ROUTINE - (READS And PRINTS) OR (READS 
pKlNTS, AND UPDATES) THE VERY FIRST HISTORY RECORD OF THE 
BINARY DATA PILE, IT Is UTILIZED BY EVERY SUBPROGRAM 

WHICH MANIPULATES THE CRySTALLOGRAPHlC BINARY DATA FILE. 

NUC010 

NUTC 

FILE RECORD COPYING ROUTINE, 

NUC011 

nutr 

FILE READING ROUTINE. 

NUCO 12 

nutw 

FILE WRITING ROUTINE. 

NUC013 

NURF 

FILE RECORD UNPACKING ROUTINE. 

The FOLLOWING NUCLEUS PROGRAMS ARE ACTUALLY OVERLAYS AND NOT KEPT IN 
IMMEDIATE ACCESS STORAGE AT ALL TIMES. 

NUC501 

NUWU 

WRITE-UP GENERATING ROUTINE. 

NUC801 

nutd 

FILE DUMPING ROUTINE - A PROGRAM TO DUMP OR COPY THE 
BINARY DATA t-ILE. 

NUC999 

NUCZ 

GENERAL DIAGNOSTIC RECORDS. 


PROGRAMMING CONVENTIONS USED WITHIN THE SYSTEM 


TO BE A SUBROUTINE OP THE NUCLFUS PROGRAMS. A FORTRAN PROGRAM MUST 
MEET ThF FOLLOWING SPECIFICATIONS, THE DETAILS OF WHICH ARE GIVEN IN THE 
DESIGNATED PROGRAMS. 

1 , ALL INPUT FROM CAhDS MUST BE MADE BY REFERENCE TO NUIF ( NUCO 02 ) 
FOLLOWtU BY THE APPROPRIATE RE-READING OF THE INPUT CARD BUFFER. 

2, ALL RE«UING ANU WHITING OP MA$S STORAGE DEVICES AND OUTPUT TO 
PRINTERS MUST BE HONE THROUGH GENERAL UNIT DESIGNATIONS AS 
OUTLINEU IN NUSY ( M UC006 > . 

3 , EVERY IIME A LINE IS SENT TO THE LINE PRINTER (UNIT =NT0UTr>, THE 
FUNCTION NULKNUCO05) MUST bE USED. 

4 , MAIN OVERLAY SEGMENTS MUST BE ENTERED PROPERLY INTO NUC A < NUCOO 1 ) 
AND RELOGNITION OP CALLING CA P DS ESTABLISHED THERE. 

5, ALL CARD FORMATS SHOULD CONFORM TO THE EXISTING SYSTEM 
CONVEN I IONS . 

6 , CRYSTALLOGRAPHIC nuANTITIFS SHOULD BE DRAyN FROM THE BINARY DATA 
FILE RATHER THAN CARDS WHEREVER POSSIBLE. 

7, ANY QUANTITY IN Tp£ FILE THAT IS CHANGED OR MODIFIED BY A PROGRAM 
LINK SHOULD BE ENTERED INTO THE FILE AND ALL, REPEAT ALL, THE 
REST MUST BE COPItO AND preserved. 
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e ANY QUANTITIES destined for a binary data File should be handled 
* BY THE BUFFERING SYSTEM USED JN NUTR(NUCOH AND NUTW (NUC012) . 

9. wHEKEVLR POSSIBLE, USE SHOULD BE MADE OF ONE-DIMENSIONAL 
ARRAYS AS DESCRIBED UNDER 'PIDGIN FORTRAN*. 

10, EVERY SUBPROGRAM «UST BE ADEQUATELY COMMENTED (SEE REFERENCE 
2 ANU COMPARE WIT*# FOR EXAMPLE, THE CODE OF =CRYLSQ=). 

11. EVERY PROGRAM MUST RECOGNIZE AN =END= CARD. 

THE PRECEDING SYNOPSIS OF THE ORGANIZATION OF THE X-RAY SYSTEM IS 
INTENDED AS AN INTRODUCTION TO THE EXTENSIVE COMMENTS INCLUDED IN THE FORTRAN 

CODING ITSELF. 


IN ORDER TO HELP USERS UNDERSTAND THE LIMITATIONS AnD APPLICATIONS 
OF THE X-ray SYSTEM, it may be OF SOME use to list THE OBJECTIVES of the 
system. S PROGRAMMERS. 

1. ALL PROGRAMS MUST BE AS MACHINE INDEPENDENT AS PRACTICABLE 
AND. WHEN NECESSARY. MACHINE SPECIFICITY SHOULD BE CLEARLY 
MARKED AS SUCH. 

2. ALL UA1A FORMATS "ND METHODS OF INPUT/OUTPUT MUST BE AS 
similar as possible; 

3. .treatmlnt of data must be general with respect to symmetry. 

setting, amount 0*- DATA, NUMBER OF PARAMETERS, and ease of use. 

4. all of THE CODING FOR CRYSTALLOGRAPHY AND MONITORING MUST BE 
CAREFULLY COMMENTED AND ORGANIZED IN ORDER TO BE PREPARED 
FOR ANY MAJOR CHANGES IN COMPILERS AND COMPUTERS. 

5. ALL PROGRAMS MUST HE CAREFULLY DESCRIBED SO THAT 
CRYSTALLOGRAPHERS MAY MAKE FULL USE OF THEM WITHOUT RECOURSE 

I TO REPROGRAMMING OR PROGRAM MODIFICATION EXCEPT FOR VERY 

SPECIAL PROBLEMS. 

6. THE BULK, STORAGE DATA SETS MUST BE CAREFULLY DEFINED IN AN 
OPEN ENDED MANNER SO THAT CHANGES AND ADDITIONS ARE POSSIBLE. 

7. THE CODING REQUIREMENTS FOR ADDING NEW PROGRAMS LINKS TO THE 
SYSTEM, EITHER A PRIORI OR FROM EXISTING PROGRAMS WHICH 
BECOME AVAILABLE, MUST BE STRAIGHTFORWARD And SIMPLE, 

8. ALL PROGRAMS, WHETHER CR YSTALlOGR APHlC OR NUCLEUS, SHOULD GIVE 
USEFUL INFORMATION TO HELP THE CR YSTALLOGRAPHER ANALYZE AND 

CORKECI ERRORS IN HIS PROCEDURE OR DATA, 

It SHOULD BE EMPHASIZED that THESE ARE OBJECTIVES AND that THEY 
ARE not FULLy REALIZED IN the PRESENT CODES. 
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DESCRIPTION OF THE X-RAY SYStEM BINARY DATA. FILE 


EACH ARBIIKARY CLASS OF CRYSTALLOGRAPHIC AND ACCOUNTING DATA HAS A 
PLACE IN THE FILE. THE ASSIGNMENT OF THIS PLACE IS FIXED AND THEREFORE IT 
IS IMPORTANT THAT THE UTMOST CAUTION BE EXERCISED IN CHANGING AND UPDATING 
IT, ONE BASIC TfcNE I * AND THE MOST IMPORTANT ONE * IS THAT NO PROGRAM OF THE 
SYSTEM WHICH COPIES THE FILE LOSES ANY INFORMATION. IT MAY ADD SOME OR 
IT MAY SUPERSEDE SOME BUT IT S«V£S AND COPIES ALL THE REST. 

IN ORDER 10 FACILITATE THE MAINTENANCE OF THE DATA FILE, THE SYSTEM 
HAS FIVE SUBROUTINES, NUC009 T" NUC013. NuC009 SERVES TO SIGN ON THE READING 
AND WRITING OF A BINARY DATA FILE. NUC010 IS TO COPY SPECIFIED LOGICAL 
RECORDS OF A FILE. NUC011 IS TO READ A RECORD OF A FILE AND NUC0I2 TO WRITE 
ONE. NIIC013 IS FOR UNBUFFERING PACKED LOGICAL RECORDS (E.G., ATOM PARAMETERS, 
REFLECTIONS). ALL READING ANO WRITING IS pONE FROM A LABELED COMMON ARRAY 
CALLED IOBUF WITH LABEL/IO/. THIS ARRAY Is IOBMX WORDS LONG AND THE FIRST FOUR 
WORUS SERVE TO CHARACTERIZE THE RECORD. RECORDS IN THE FILE ARE ALWAYS LESS 
THAN IOBMX WORDS LONG BECAUSE "F THE LIMITATION ON IOBuF. PROVISION HAS BEEN 
MADE, HOWEVER, FOR «NY NUMBER OF PHYSICAL RECORDS TO FORM A LOGICAL RECORD. 

THE MAIN BURDEN IN ANY PROGRAM IS THE REFORMING OF LONG ARRAYS FROM IOBUF 
INTO THEIR PROPER PLACE IN STORAGE. IOBUF (11 TO (4) ARE EQUIVALENT TO I0BUF1 
TO I0BuF4 FOR EASE UF PROGRAMMING OF 10 STATEMENTS, THESE WORDS ARE USED 
FOR CONTROL A'ND HAVE THE FOLLOWING SIGNIFICANCE, 

WORD 1 IS THE COUNI OF ALL OF THE WORDS IN THE PHYSICAL RECORD. FOR EXAMPLE, 
THE READ IN NUC011 — 

READ ( N ) IOBUF 1, (IGBUF(J) ,J = 2 *IOBUFl) 

WHILE IN NUL012 IT SAYS — 

WR ITE (N ) ( IOBUF ( J > * J = 1 . IOBUF 1 ) 

WORD 2 IS THE SIGNAL THAT THE U E ARE MORE PHYSICAL RECORDS IN THIS LOGICAL 
RECORD. ZERO MEANS LAST* NON-ZERO MEANS THAT THERE ARE MORE TO 
FOLLOW. 

WHEN THERE ARE MORE TH«N ONE PHYSICAL RECORD IN A LOGICAL RECORD 
WORD 2 IS SEQUENTIAL 1,2, 3*4, ETC. UNTIL THE LAST PHYSICAL RECORD 
WHERE WORD 2 IS ZERO AS IT IS FOR aLL SINGLE PHYSICAL RECORD PER 
LOGICAL RECORD CASES, 

WORD 3 IS THE IDENI IFICATION r>F THE LOGICAL RECORD TYPE, THIS IS CHECKED 

bY NUC011 AND THE QUIT FLAG SET TO 1 IF ANY GIVEN RECORD IS MISSING 
THESE ARE THE INTEGERS I TO MAXREC, MAXKEC IS THE X-RAY END-OF-FILE 

MARK ANO IS TREATED AS SUCH BY THE FILE HANDLING PROGRAMS. 

WORD 4 IS THE NUMBER OF WORDS PER BLOCK IN A BLOCKED RECORD (E.G. THE NUMBER 
OF WORDS PER REFLECTION IN LOGICAL RECORD 15). IN THOSE LOGICAL 
RECORDS WHICH ARE NOT hlOCKED, IT IS SET EQUAL To ZERO. THIS 
WORD IS USED AS A STEPRING CONSTANT BY THE FUNCTION SUBROUTINE 
NUC0X3. WHEN CALLED, THIS SUBROUTINE RETURNS AN INTEGER POINTER 
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WHICH POINTS TO THE WO*D PRIOR TO THE FIRST WORD IN THE NEXT BLOCK 

of information, the f i u s t block in the case of the initial call. 

IN THE SUBSCOUENT DESCRIPTION, BLOc.KS OF INFORMATION WILL BE NOTED 
AS Such AND THEIR STRUCTURE GIVEN relative TO the NUC013 POINTER IP, 

(E.G. IP+1 WOULD BE THF FIRST WORD IN A BLOCK OF INFORMATION). 

NUC013 CAN ONLY BE USED FOR UNLOADING OR UPDATING LOGICAL RECORDS 
WHICH ARE TOTALLY BLOCKED, HOWEVER, SINCE THE POINTER NOTATION IS 
CONVENIENT, ALL BLOCKEO INFORMATION WILL BE LISTED RELATIVE TO 
THIS CONSTRUCTION. 

GENERAL FORMAT OF THE BiNARY DATA FILE 


LOGICAL RECORD CONTENTS 


1 

2 
i 
4 
b 


HISTORY RECORD 
NOT DEFINED 
CELL CONSTANTS 
SYMMETRY information 

NOT DEFINED 


b SCATTERING AND DISPERSION FACTORS 

CELL CONSTANTS, AND ATOM IDENTITY 
INFORMATION 

7 SCALE FACTORS AND OVERALL TEMPERATURE 

FACTOR 

0 ABSORPTION INFORMATION, CRYSTAL SIZE 

AND ORIENTATION 


y MISCELLANEOUS INFORMATION FOR KEYING 

PROGRAMS 

10 ATOMIC PARAMETERS 

U STANDARD DEVIATIONS OF ATOMIC PARAMETERS 

12 REFINEMENT CONSTRAINTS 


lb 

14 

lb 

lb 

If 

10 


NOT DEFINED 
NOT DEFINED 

REFLECTION INFORMATION 
NOT DEFINED 
FOURIER OUTPUT 
NOT DEFINED 
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3 * 

2U 

21 

22 

23 

24 
2 » 


NOT DEFINED 

=singeni= miscellaneous information 

normalized structure factors and 
related INFORMATION (TO BE PHASED) 

TRIPLE PRODUCTS 

STARTING PHASES for =TAN6ENr WRITTEN 
BY =SOLVE= LINK OF =APhASE= 

AVERAGES C=APHASE= SCRATCH FILE) 

END-OF-FILE SIGNAL (MAXREC, SET IN NUSY) 
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STRUCTURE of the BINARY data file 


****LO<;rCAL RECORD 1 HISTORY 

WORDS 



5 

6 

7 

8 
9 

10 

11 

12 

13 

14 TO 22 

23 

24 

25 

26 


METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
METRIC TENSOR ELEMENT 
THE RECIPROCAL METRIC 
A 
8 
C 

COS(ALPHA) 


1*1 A**2 

1.2 A*B*COS< GAMMA) 
1*3 A*C*COS(BETA) 

2.1 A*B*COSlGAMMA) 
2*2 8**2 

2.3 8*C*COS (ALPHA ) 

3.1 A*C*COS(BETA) 

3.2 B*C*COS(ALPHA) 

3.3 0**2 
tensor 
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27 

26 

29 

30 

31 

32 

33 

34 

35 TO 43 
44 TO 52 

53 

54 

55 

56 TO 61 


COS ( BETA > 

COS (GAMMA) 

A* 

8 * 

C* 

COS( ALPHA#) 

C0S(BETA*> 

COS<GAMMA*) 

transformation matrix from fractional 
COORDINATES TO ORTHOGONAL ANGSTROM COORDINATES 

transformation matrix from miller indices 
to ORTHOGONAL PSEUDO-MILLER INDICES 

not used 

CELL VOLUME 

reciprocal CELL VOLUME 

coefficients USED IN the CALCULATION OF the 

SQUARE OF SINCTHETA)/LAM8DA FROM ANY H,K,L 
C1*h*h+C2*K*K+C3*L*L+C4*H*K+C5*H*L+C6*K*L 


62 

SIN (ALPHA) 


63 

SIN(8ETA> 


64 

SIN(GAMMA) 


65 

SIN( ALPHA*) 


66 

SIN(BETA*> 


67 

SIN(GAMMA*) 


68 

ALPHA IN DEGREES 


69 

BETA IN OEGREES 


70 

GAMMA IN DEGREES 


71 

ALPHA* IN RECIPROCAL 

degrees 

72 

BETA* IN RECIPROCAL 

degrees 

73 

GAMMA* IN RECIPROCAL 

DEGREES 
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74 TO 76 STANDARD DEVIATION IN A, B» AND C 

77 TO 79 STANDARD DEVIATION IN COS(ALPHA), COS(BETA), 

ANO COS ( GAMMA ) 

****LOgICAL RECORD 4 SYMMETRY INFORMATION 


WORDS CONTENTS 


5 INTEGER Code to INDICATE LATTICE type 

LATTICE TYPE P I R F A B C 

acentric 1234567 

CENTRIC 8 9 10 11 12 13 14 

6 (0>/U> FOR (ACENTRIC )/ (CENTRIC) 

7 NUMBER OF =SYMTRY= CARDS SUPPLIED AT 
=DATRL'N= TIME HENCE NUMBER OF ROTATION 
MATRICES 

8 NUMBER OF ROTATION MATRICES OF IDENTICAL 
PATTERN OF ZEROS 

9 FACTOR TO MULTIPLY A AND B TO PLACE FC ON 

■ SCALE OF INT. TABLES VOL. I. 

ACCOUNTS FOR MULTIPLICITY DUE TO THE LATTICE 
TYPE GIVEN IN WORD 5 

relative words symmetry operation block 

Ip+l TO IP+-12 SYMMETRY OPERATIONS AS ROTATION MATRICES 

AND TRANSLATION VECTORS IN ORDER 

Rll-R12,R13r R21rR22» R23 iR31,R32»R33. 

Tl ,T2. T3« 

THERE MAY BE MORE THAN ONE PHYSICAL RECORD 
IN THIS LOGICAL RECORD. IP+1 IS 10 FOR 
THE FIRST ENTRY OF THE FIRST PHYSICAL 
RECORD. jp+i IS 5 FOR FIRST ENTRIES OF 
SUBSEQUENT PHYSICAL RECORDS 

****LOgICAL RECORO 8 DUMMY RECORO 


♦♦•^LOGICAL RECORD b SCATTERING AND DISPEF.SION FACTORS, CELL CONTENTS 


AND ATOM IDENTITY INFORMATION 


WOHDS 


CONTENTS 



5 

6 
7 

relative words 
ip+1 

IP+2 

IP+3 

IP+4 
I P+5 
IP+6 

IP+7 

IP+8 

IP+9 TO IP+8+N 
IP+9+N TO IP+8+2N 


****LOGICAL RECORD 7 
WOHDS 

5 

6 

7 TO 6+N 

****LOgICAL RECORD 8 
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F(OOO) 


E{000) 

THE NUMBER OF DIFFERENT ATOM TYPES IN 
THIS RECORD 


SCATTERING AND DISPERSION FACTOR BLOCK 
(VARIABLE LENGTH, REPEATED FOR EACH ATOM TYPE) 

ATOM TYPE (A4> 

UNUSED 


NUMBER ENTRIES IN THE SCATTERING FACTOR 
TABLE FOR THIS ATOM TYPE (N) 

NUMBER OF ATOMS FOR GIVEN SCATTERING CURVE 

ATOMIC WEIGHT FOR GIVEN SCATTERING CURVE 

(0>/m TEMPLETON DISPERSION INFORMATION 
(NOT PRESENT ) / ( PRESENT > IN FILE FOR THIS 
atom type 


real PART OF TEMPLETON DISPERSION FACTOR 

IMAGINARY PART OF TEMPLETON DISPERSION FACTOR 

SIN(THETA) /LAMBDA ENTRIES 

ACTUAL SCATTERING FACTORS AT VALUES OF 
SIN(THETA) /LAMBDA GIVEN IN N W°RDS PRECEDING, 
THERE MAY BE MORE THAN ONE PHYSICAL RECORD 
IN THIS LOGICAL RECORD. IN THE FIRST 
PHYSICAL RECORO THE INITIAL VALUE OF IP+l IS 8 
WHEREAS IN SUBSEQUENT PHYSICAL RECORDS THE 
VALUE IS 5. THE STRUCTURE OF THIS RECORD IS 
AN ANACHRONISM, BUT WE DON’T HATE IT ENOUGH 
TO MAKE AlL THE CHANGES REQUIRED TO FIX IT. 

SCALE FACTOR AND OVERALL TEMPERATURE FACTOR 


CONTENTS 

overall temperature factor 

NUMBER OF SCALE FACTOR GROUPS (N> 
F RELATIVE SCALE FACTORS 
DUMMY RECORD 
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♦♦♦♦logical record 9 


MISCELLANEOUS INFORMATION FOR KEYING programs 


WOHDS 


CONTENTS 


5 NOT USED 


6-8 


NUMBER OF GRID POSITIONS IN THE X. Y» 
AND Z DIRECTIONS 


9 TO 11 
12 

13 TO 29 

30 

31 

32 

33 

• 34 

35 

36 

37 

38 

39 TO 41 


MAXIMUM MAGNITUDES OF H, K* AND L 
NOT USED 

CALCULATION CODES (EVENTUALLY TO BE ABANDONED! 
NUMBER OF FOURIER POINTS IN THE X DIRECTION 

fourier origin value in the x direction 
fourier increment along the x direction 
number of Fourier points in the y direction 
Fourier origin value in the y direction 
fourier increment along the y direction 
number of fourier points in the z direction 
four itR origin value in the z direction 
fourier increment along the z direction 

FOURIER SCAN ORUER INDICATORS FOR X* Y, AND Z 
(1 = FIRST* 2 = SECOND* 3 = THIRD) 


42 NUMHEH OF POINTS PER LINE OF FOURIER OUTPUT 

43 FOURIER SPACE CONTROL (USED TO OVERRIOE 
PAGINATION) 

44 NUMBER OF PRINTER CHARACTER POSITIONS PER 
FOURIER Grid COLUMN (I.E. MAXIMUM NUMBER OF 
DIGITS FOR A DENSITY POINT) 


45 


FOURIER SCALE IN INCHES PER ANGSTROM 


46 TO 47 


FOURIER MAPPING LIMITS 


48 TO 50 


H, K, L SORTING ORDER - (1) MINOR 
(2) INTERMEDIATE (3) MAJOR 
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51 

52 

53 

54 TO 59 


****LOgICAL RECORD 10 


minimum value of sin(theta>/lambda 

MAXIMUM VALUE OF S IN ( THETA > /LAMBDA 

ISOTROPIC EXTINCTION PARAMETER 

RESERVED FOR ANISOTROPIC EXTINCTION 
PARAMETERS 

BLOCKED ATOM PARAMETER RECORD(BLOCK SIZE=19 WORDS) 


WORDS 


CONTENTS 


IP+1 TO IP+2 


ATOM IDENTIFICATION <A4,A2> 


IP+3 


FRACTIONAL X PARAMETER 


IP+4 FRACTIONAL Y PARAMETER 

IP+5 FRACTIONAL Z PARAMETER 


IP+6 

IP+7 

IP+8 

IP+9 TO IP+14 

IP+15 

IP+16 


SCATTERING FACTOR TYPE POINTER (AN INTEGER 
GIVING THE RELATIVE POSITION OF THE SCATTERING 
FACTOR IN A REFLECTION RECORD) 

TEMPERATURE factor TYPE 10 = OVERALL ► 1 = 
INDIVIDUAL ISOTROPIC . 2 = INDIVIDUAL ANISO- 
TROPIC) 

ISOTROPIC TEMPERATURE FACTOR (STORED AS B) 

ANISOTROPIC TEMPERATURE FACTOR (STORED AS 
BETAS), THEY ARE ORDERED AS FOLLOWS — 

11. 22. 33. 12. 13. 23 

POPULATIONAL PARAMETER (PARTIAL SITE 
OCCUPANCY) 

NOT USED 


IP+17 ATOM MULTIPLICITY 

(UNITY UNLESS THE ATOM IS IN A SPECIAL 
POSITION) 

IP+18 NOT USED 


IP + 19 NOT USED 

****LOGlCAL RECORD 11 BLOCKED STANDA R 0 DEVIATION OF ATOM PARAMETERS 


RECORD (BLOCK SIZE = 19 WORDS). THE STRUCTURE 
AN" CONTENTS ARE THE SAME AS IN LOGICAL RECORD 10 
WITH THE EXCEPTION THAT THE ATOM PARAMETERS ARE 
REPLACED' BY' THEIR STANDARD DEVIATIONS. 
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♦♦♦♦LOGICAL RECORD 12 


♦♦♦♦LOGICAL RECORO 13 
♦♦♦♦LOGICAL RECORD 14 
♦♦♦♦LOGICAL RECORD 15 

RELATIVE WORDS 

IP+1 TO IP+3 
1P+4 
IP+5 

IP+6 

IP+7 

IP+8 

IP+9 


BLOCKED CONSTRAINT RECORD 


THi- STRUCTURE AND CONTENTS Are THE SAME AS IN THE 

IA ARRAY OF rCRYLSO= BETWEEN MARK2 AND IST0P2, 

THAT IS* THE DIRECTORS FROM THE rNOREFs AND 
=CONSTR= CARD AS TRANSLATED By LlRD OR GENERATED BY 
PLCK. THE BLOCKS ARE 10 ITEMS LONG And CONSIST OF 
THE FOLLOWING QUANTITIES... 

WO«DS ( 1 ) + ( 2 ) NAME1 AND NAmE2 OF SUBJECT ATOM 
( 3 ) TYPE OF CONSTRAINT (AN INTEGER) 

( 4 ) + ( 5 ) NAME1 AND NAME2 OF REFERENCE ATOM 
(6) PARAMETER NUMBER OF SUBJECT ATOM IPD 

<75 FACTOR BY WHICH REFERENCE PARAMETER 

MUST BE MULTIPLIED(F) 

< 8 ) PARAMETER NUMBER of REFERENCE ATOM ( P2 

(9) FACTOR TO WHICH (P2)*(F) IS AODED <S> 

(10) MULTIPLICITY 

CONSTRAINT EQUATION* (Pi) = (F)*(P2) S 
OUMMY RECORD 


DU«MY RECORD 


BLOCKED REFLECTION INFORMATION (THE BLOCK SIZE IS 


dependent upon the space group and the number of 

ATOM TYPES) 

CONTENTS 


miller INDICES h, k, and l 
INTENSITY (I) 

RESERVED FOR THE SERIAL NUMBER OF THE 
REFLECTION 

SCALE FACTOR GROUP 

THE NUMBER OF TIMES THE REFLECTION WAS 
OBSERVED 

ABSORPTION CORRECTION ( 1/TRANS M ISSICN 
COEFFICIENT) 

JCODE (REFLECTION CLASSIFICATION CODE) 

1 = OBSERVED 

2 = LESS THAN 

3 = OBSERVED REFLECTION WHICH SUFFERS FROM 

EXTINCTION 

4 = IGNORED reflection 

5 = space group extinction 
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IP410 

SIN(THETAj/LAM8DA 

IP+11 

1/LP 

IP+12 

magnitude of f relative 

IP413 

ESD OP F 

IP414 

weight for least squares 

IP+15 

magnitude of f calculated 

IP+16 

A 

IP+17 

; B 

IP+18 

E (LINEAR ANISOTROPIC NORMALIZED STRUCTURE 
FACTOR) /F(3>/ 

IP+19 

EPSILON IN FLOATING POINT 

IP+20 

ESTIMATED PHASE (IN CYCLES) 

IP+21 

T8AR AVERAGE PATH LENGTH IN XYTAL 

IP+22 

DELTXT LARSON DELTA CF. RDRR.627 

IP+23 

NOT USED 

IP+24 

partial contribution to a 

IP+25 

partial contribution to b 

IP+26 

NOT USED 

IP+27 

NOT USED 

IP+28 

STANDARD DEVIATION OF THE INTENSITY 

IP+29 

NOT USED 

IP+30 

MULTCODE* 1342 17728 
4 (EPSILON-1 1*16777216 
. + /H/*13lo72 4 /K/*1024 

4 /L/*8 4 SIGN DIRECTOR CODE (SEE NOTE) 

THE MULTIPLICITY CODES Are 


multcode multiplicity 
0 1 


1 2 

2 3 

3 .4 

4 6 
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5 8 I 

6 12 

7 24 

IP+31 LINEAR ISOTROPIC NORMALIZED STRUCTURE FACTOR 

/E(l)/ 


IP+32 NON-LINEAR ISOTROPIC NORMALIZED STRUCTURE 

/E < 2 ) / 


IP+33 LINEAR ANISOTROPIC NORMALIZED STRUCTURE FACTOR 

FACTOR 
/E ( 3 ) / 

IP+34 NON-LINEAr ANISOTROPIC NORMALIZED STRUCTURE 

FACTOR 
/E < 4 ) / 

IP+35 ' NOT USED 

IP+36 NOT USED 

jP+37 TO IP+N+36 INTERPOLATED SCATTERING FACTOR ENTRIES FOR 

EACH ATOM TYPE, WHERE N IS THE NUMBER OF SCAT- 
TERING FACTOR TYPES. THEY ARE STORED IN THE 
SAME ORDER AS THEY APPEAR IN LOGICAL RECORD 6. 

IP+N+37 TO ENU SYMMETRY DIRECTORS (SEE NOTE) 

****NOtE**** THE FOKMAT OF THE SYMMETRY DIRECTORS IS AS FOLLOWS 

THE SYMMETRY DIRECTORS ARE GROUPED ACCORDING TO THE ABSOLUTE 
VALUES OF THE MILLER INDICES, IN MOST CASES, THERE IS ONLY ONE 
GROUP. THE FIRST PACKED WORD IN A GROUP CONTAINS THE MAGNITUDES 
OF THE MILLER INOTCES ALONG WjTH THE NUMBER OF REL fl TED SYMMETRY 
OPERATIONS (ICOUNT). IN FORTRAN, PACKING IS ACCOMPANIED BY, 


ICOUNT + 128*IH + 16384*IK + 2097152*IL 


SUBSEQUENT 

WORDS OF THE 

: GROUP contain packed 

SIGN and TRANSLATION 

DIRECTORS. 

FOUR ►'AIRS 

OF DIRECTORS can be packed PER word USING 

POWERS OF 

EIGHT AS THE 

MULTIPLICATION FACTORS 

1 • • 

SIGN 

OIRECTOWS 

TRANSLATION directors 

0 


0 

0.00000000 

1 


1 

0.16686667 

2 

+- + 

2 

0 .25000000 

3 

++- 

3 

0.33333333 

4 

— - 

4 

0.50000000 

5 

+— 

5 

0 . 66686667 

6 

— f- 

6 

0.75000000 

7 


7 

0.83333333 


THE LAST SYMMETRY DIRECTOR WORD IS THE REFLECTION MULTIPLICITY 
WHICH IS THE NUMBER OF SYMMETRICALLY EQUIVALENT UNIQUELY OBSERV- 
ABLE RtFLECTIONS. THE REFLECTION MULTIPLICITY IS NEGATED SO AS TO 
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SERVE 

AS AN 

END FLAG 

• 

♦♦♦♦LOGICAL 

RECORD 

16 

DUMMY 

RECORD 

♦♦♦♦LOGICAL 

RECORO 

17 

DUMMY 

RECORD 

♦♦♦♦LOGICAL 

RECORD 

18 

DUMMY 

RECORD 

♦♦♦♦LOGICAL 

RECORO 

19 

DUMMY 

RECORD 


♦♦♦♦LOGICAL RECORO ao =SINGEN= MISCELLANEOUS INFORMATION 


WORDS 


CONTENTS 


5 

6 

7 

8 
9 




10 



11 



12 

13 

TO 

15 

16 

TO 

18 

19 

TO 

21 

22 

TO 

24 

25 

TO 

33 

34 

TO 

42 


MINIMUM E VALUE USED IN =SlNGEN= 

number of scattering factors in bdf (numsfj 

NORMALIZED STRUCTURE FACTORS USED IN rSlNGENs 

1 = LINEAR ISOTROPIC 

2 = NOn-LINEAR ISOTROPIC 

3 = LINEAR ANISOTROPIC 

4 s NON-LINEAR ANISOTROPIC 

lattice type isee record' 4) ■ 

ACENTRIC/CENTRIC (SEE RECORD 4> (0**1) 

PROBABILITY FACTOR = (2^SIG3/SIG2+»1 .5) 

NUMBEH OF PARENT REFLECTIONS USED IN =SlNGEN= 
SEARCH 

TOTAL NUMBER OF REFLECTIONS USED IN sSINGENr 
search ,, 

HKL TO H1H2H3 ENCODE 

H1H2H3 TO HKL DECOOE . . 

MAX VALUES OF /HI/* /H2/* /H3/ 

STRUCTURE INVARIANT MODULI OMEGAl* OMEGA2 * 
0MEGA3 

STRUCTURE INVARIANT VECTORS 
Vll* V12* V13. ...» V33.i 

PRIMITIVE TRANSFORMATION! MATRIX 
Mil*. Mia* M13* M21, M33 



43 TO 45 

♦♦••LOGICAL RECORD HI 

WORDS 

IP+1 


IP+2 
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SPARE 

BLOCKED NORMALIZED STRUCTURE FACTORS IN DESCENDING 


ORi'ER OF E AND RELATED INFORMATION (BLOCK SIZE s 
TWO WORDS) 

CONTENTS 


PACKED WOrO CONTAINING I ABS ( H) *10000000 + 

I ABS (K ) * lflOOOO ♦ I ABS (L ) *1000 + ISIGN^lOO ♦ 
PARITY*10 + PHASE RESTRICTION 

. = ( XX x* XX X X X ) 

/H/ /K/ /L/ S P R 

E-VALUE 

THE E-VALuE IS SET NEGATIVE IF THE REFLECTION 
IS NOT A PARENT TEFLECTION (I.E. NOT SUPPLIED 
BY THE USER) 


THE SI6N DECODER. ISIGN, POINTS TO THREE 


ARRAYS, 

WHICH 

GIVE 

THE 

SIGNS 

OF 

H, K, 

AND 

ISIGN 

1 

2 

3 

4 

5 

6 

7 

8 

OH 

+ 1 

-l 

+ 1 

+ 1 

-1 

♦ 1 

-1 

-t 

JK 

♦ 1 

♦ 1 

-1 

+ 1 

-1 

-1 

♦ 1 

-1 

UL 

+ 1 

♦ 1 

♦ 1 

-1 

-1 

-1 

-1 

+ 1 

SO 

TO EXTRACT 

Kr THE CODE WOULD 

BE — 



K = ISIGN(MOD(IOBUFUP+l) . 10000000>/100000) , 
JK(ISiGM) ) 

THE PARITy CODES ARE — 


12345678 
GGG GGU GUG GUU UGG UGU UUG UUU 

THE PHASE RESTRICTION CODES ARE (IN DEGREES) - 


R-CODES PHASE RESTRICTION (DEGREES) 


0 


NO RESTRICTION 


1 


0/180 
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♦♦♦♦LOGICAL RECORD 22 


2 

3 

4 

5 

6 

7 

8 


30/210 

45/225 

60/240 

90/270 

120/300 

135/315 

150/330 


TRIPLE PRODUCTS (BLOCK SIZE s 4 WORDS) 


WORDS CONTENTS 


IP+1 N1 ♦ 100000 + (A*10.) ♦ 100 ♦ (PHASE SHIFT 

CODE) ♦lO ♦ (PHI2 PHI 3 SIGN CODE) 

= ( XXXX XXX XX) 

Nl A PHASE PH I1PHI2 

SHIFT SIGN CODE 

. IP+2 N2 ♦ 100000 ♦ ( HKL ) 2 SIGN CODE IN TRIPLET ♦ 

10000 ♦ (HKL) 2 TRANSFORM CODE * 1000 + 

PSI VALUE FROM =APHASE= IN DEGREES 

= ( XXXx X X XXX ) 

N2 HKL2 HKL2 PSl 
SIGN transf 
CODE CODE 


IP+3 N3 

WHERE Nl# N2, N3 s SYMBOLIC PHASE NUMBERS IN 
TRIPLET. THE PHASE SHIFT CODE# PHI2PHI3 SIGN 
CODE, (HKl>2 SIGN CODE# AND (HKL)2 TRANSFORM 
CODE ARE DESCRIBED ON THE NEXT PAGE, 

PHASE SHIFT CODE 


CODE 

PHASE SHIFT(DEGREES) 

“~l~ 

0 

2 

60 

3 

90 

4 

120 

5 

180 

6 

240 

7 

270 

6 

300 
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PHI2PHI3 SIGN code 


CODE 1234 


SIGN 

OF PHI2 

■f 

♦ 

- 

- 




SIGN 

OF PHI3 


- 

+ 

— 





<HKU2 

SIGN 

CODE 






CODE 


1 

2 

3 

4 5 

6 

7 

8 

SIGN 

OF H 

♦ 


+ 

♦ 

+ 

- 

- 

SIGN 

OF K 

■f 

+ 

- 

+ 

- 

+ 

- 

SIGN 

OF L 

♦ 

+ 

♦ 

- 

- 

- 


AND 










<? 
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WORDS 

IP+1 

IP+2 

IP+3 

♦♦•♦LOGICAL RECORD 24 
WOROS 

IP*1 TO 3 
IP+4 TO 6 
IP+7 TO 9 
IP+10 TO 12 
IP+13 TO 15 
IP+16 TO 18 

IP+19 TO 21 

IP+22 

IP+23 
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»HKl>2 transform code 


T - CODE AS DEFINED By DATA REDUCTION 

— order of rotation matrices 

0 parent reflection 

1 FIRST TRANSFORMATION 

2 SECOND TRANSFORMATION 

• • 

• • 

• • 

5 FIFTH TRANSFORMATION 


STARTING PHASES FOR =TANG£N= WRITTEN 
BY =SOLVE= LINK OF =ApHAS£= 

CONTENTS 

PHASE NUmBER N OF REFLECTION IN E-LIST 

phi numeric phase in degrees <pos modulo 360J 

CODE FOR FIXING PHASE (FOR O.D.R.'S) 

AVERAGES (=APHASE= SCRATCH FILE) 


CONTENTS 

Nl» N2. N3 
HI. Kl, LI 
H2» K2» L2 
H3. K3» L3 

PHASE RESTRICTION CODES Rl. R2» R3 

PACKED WORDS OF ASYMMETRIC DAT* 

(♦ /H/ /K/ /L/ S P R) 

spare 

PHI2PHI3 S IGN CODE 

total phase shift IN degrees 
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IP+24 

XP+25 

IP+26 

IP+27 

IP+28 

IP+29 

IP+30 
IP + 31 
XP+32 
IP+3:; 
IP+34 

IP+35 TO 40 


♦♦♦♦LOGICAL RECORD 25 


RESTRICTED PHASE CODE OF THE STRUCTURE 
INVARIANT 

A = <PFAC^El^E2*E3)*2 

SEQUENCE NUMBERS OF NEXT TYPE 2 TRIPLET WITH 
COMMON H3K3L3 (NONE = Or TYRE 1 = -1> 

INOEX OF GROUP IN which AVERAGES WERE MADE ♦ 

NUMBER OF <E^*2 - 1) VALUES CONTRIBUTING TO 
THE AVERAGE D ♦ 

number of - l) values contributing to 

THE AVERAGE s ♦ 

AVERAGE D ♦ 

AVERAGE S ♦ 

COSINE. PSI = M ( D - KS) ♦♦ 

NORMALIZED PSI VALUES IN DEGREES (0 - 180) ♦* 

PSI WEIGHT (TAKES INTO ACCOUNT A, Rr AND 
COS PHI) . NEG. IF OUTSIDE CUTOFF ♦♦ 

SPARE 

♦ — ADDED DURING AVERAGING (COPY 1) 

♦♦ — ADDED DURING NORMALIZATION OF PSI 
(COPY 2) 

OU M M Y RECORD WHICH IS USED As AN END-OF-FILE 
MARK FOR THE BINARY DATA FILE 


APPENOI X-7 


RtPORT OF SUSPECTEO ERRORS 


DATE 


INFORMATION REQUIRED 


ERROR REPORT SHEET FOR PROGRAM 
FROM 


PLEASE RETURN TO U.M, STEWART 

COMPUTER SCIENCE CENTER 
UNIVERSITY OK MARYLAND 
COLLEGE PARK 
MD 20742 # U.S.A. 

COMPUTER.,.,..., 

COMPILER 

OPERATING SYSTEM. 

VERSION OF XRAY SYSIEM 

UPDATE OF XRAY SYSIEM.., 

SUBROUTINE IN WHICH FAULT 

OCCURED, IF KNOWN 

DESCRIPTION OF ERROR... 


USERS PROPOSED CORRECTION, IF THOUGHT THROuGH 


1 262 
04/22/72 


IF NECESSARY TO AID US , PLEASt ATTACH,... 
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LIST OR OECK OF INPUT CARDS 
LIST OF OUTPUT RESULTS 
cell data page from uatrun 
symmetry data 
summary page from datron 
ATOM PARAMETERS IF known 



